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612 . . . pH = 7 Jlip Sjl~S3j Jlj^-I o*Aplij : pi? (w) i*J 

614 ^ J\ SJl^VI J-oIp -uL^ u&~&\ 

615 SJL^l J^Ip \^y ol IjSJ'l 

616 SJl^SI J-oIp jj objj-iGl 

617 ijjJ . I iKU V ijJI : olJL^jil 

619 . . ijJ-l il^Jl Sjl~s 1 oUT p\ ii l jJl J^I^JI 
624 Jjy~' v^' 

626 4jyA*}\ (Olll ya f-lil (_£ jZ > d (J y >- 1 j. jl*>! 

628 ^A-l t _s® Ju~»s1 (jlj I 

: <L>j I oLvi*J-l oljj ijj***^ 3 . 15 

630 uyrj “jj- 5 

632 yyrj. jsi\ c~S 

633 ZjZ)' 2i\j\ 

634 Jl J^i\ 
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634 

635 

637 

637 

638 

640 

642 

643 

643 

644 

645 

647 

648 

652 

652 

652 

657 

659 

661 

663 

668 

670 

672 

673 

673 







( J-Udl) JjhxJl 

ollj/yi (JjLj 



: ij^ll oU-dl If. .jZ ^Jl oljj^Jl 4 . 15 



i^jji sjiii lll&l- oo^sai 

oli^JlsjuSt 

(l^Jlj^l) obfjS^l 



JsL- 

o^UiJl .U tSL*£l\ SJLU1I j *111 : yie ^aLJI J*m)I 

fd^Jbll y> u 

oLlI oi y>- oUtf y 1.16 

^.ysJUU 



j; 

o!>L*iJl oL. 2. 16 

<Lshi!l j <uiL>-jl oLo <LA-l*^ oljj yy 

j 

Juji S jjL^ oi p- 

oLLj jH\ SjL«- ; S’ ol j£- 

P^yglll oL» ya ij ^xxll *i\j\ 

ioJLixo <jj ^ iy^~ k — J Uj 3.16 

t^j-i sjr#i 

ijj&l iijJ-l S3lj>l 
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676 

677 

677 

681 

684 

684 

685 

686 

692 

696 

697 

699 

699 

701 

702 

702 

703 

706 

706 

708 

708 

710 

711 



o*^«,igii!l oL» 4 . 16 

£5-1^. 

JsL- 

dJlill ^1 

(^>jS fl Ja^Jl) SLi 

i~.U1 : ^ip gUI J^JI 

^1^1.17 

ojuii jJi oiU 

isLjjji kA' 

iJUJGl L^Ll JJ^JI 

Jijdl ^ i^*Jl Sail! 

ojLL*JI ^jb AJl^j 

y,j^ 

Sa' ji-*! ^ y 



O^' 

JjLjJJl iydl ^Lp- 1 . 18 

t_r‘ l ^'° 

(l^lji) ijJl iUj 

LJ1 

tSUJl 

isL^Jl ijJl 2 . 18 

usoi^lji 

5 ji ^ill 

oUjjSII ^L.Jp5jJu1I 
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715 

717 

719 

720 

722 

724 

727 

728 

729 

731 

732 

734 

736 

738 

739 

743 

749 

749 

753 

755 

756 

758 

759 

763 

765 

765 

767 



o oli 

ijjJl y- J-oIp 

(UjL--) oI~a 3 . 18 

4j-L^]| 4 **/? ^ ] I (J 

<bjl.Xll i>jj 

(J ^jjJl 

iJu* oli Ito LUi4.18 

i^Jl ^ oLlAll 

Ulk^ J ipljjJl ^ oljZJL vi^bJl 

ijJl jlL oLlAll ^ 

JIpI jii\j ^y> j^J~\ O^ApliJl 

. . . U>yJ~\ Jlj j]\ o^pli 

^w? cJw\^j 

<Lws^-oJ“l oboj^Jl ii^y 

C %o%^\^\ 

hji\ j pi\ jul^i o^uii 





5jUJl o^UiJl ^U-5 - : j-ip £-Ul J^JI 

‘ulvaJl 0*>Vvajl!l yj> ( j^aL>sl)l 

jiU.1 ^\zj\j ys- 4j 5^U| <ulvaJl O^L^all 1 . 19 
SjUaJI _^p oliLkLl 

j*£}\ j»L>- oLj y 

^Sii^i 

4jyJzx]\ Cj'%Ao]\ 2 . 19 

olil yJ ~ I o*>l.,.o9 ^ 

i_$j-ap iLwi (Jl 
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Ill 

776 

779 

781 

785 

793 

793 

797 

797 

802 

804 

808 

808 

812 

816 

819 

819 

819 

820 

820 

821 

822 

823 

826 

827 

832 

835 



t-i J~a- 11 



jail 3 . 19 

J4'>' J 1 yj 

JO-' 

j» 

J5L- 

I ol.L.11 ; jj J.ii^all 

^jJ-l ^'-J 1 ^ U 1 . 20 

IsL*/ olaJ.1 jl jc*A 2 . 20 

jjxl\ dlSviJl O^Aplij 

j-aII j*£ dliliJl 0*>lplij 



SjL^Sfl 



dlilixJl 0 *Aplaj 

ijj-l-l ■^cr a 

ojl ifr-ji 

W 

pH _ f-lll £o iijXll ^1 ji» 

i^*ji s^ai _ frill £ Sjjdi ^i> 

Sj^^l ^hJifl . frill g i^Jl ^i > 

. . . ol.A~ll i2l$laj o'yjjoi i— jL~>- 

aj^-1-I cj! J-wo <uS" 3 . 20 

«/lljaJ! 

jLsi i 

I iJuli 4 . 20 
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838 ^-1 j> 

838 JSL-. 

841 Jj ^y > jVl Ju2i~« : oj lj (jAJ-l 

842 Jp 

843 jJr I 

844 All 

845 A^UI 

847 SjJLd.1 ajlJI oLJj>ti]l ( J^jI*iJI 

850 jS (Jlj-»' 

851 

853 w-jSh 2 ^l>- 1 - I J>Jil 

854 . l^-s <l^Ulj <ul~>J.I <uJ-l ol~Jl 2 _ I JpAil 

855 Allj A*Jl ^\y- 3 _ I J>Jdl 

856 1 _ ^ j>Jdl 

859 oL5 jllj I y > ^ill ^>\ ji-\ 2 _ j^>Jdl 

AH (Mmol’ 0 laJijJS ji\ ij J-\ oUj&Jil 3 _ v j>Jdl 

862 jilS 298 Xp 

S-rtU <> Mlj ^'j 3 * 4 - V J^ 1 

863 ^'j- s 25 jjp- 

864 Mill JJUJ.I J iA~S% I oU^S 5 _ u J*J1I 

865 M-L.1 cJjS 1 . -Li J>Jdl 

866 i^Lxl oISMpj <_£ jl\ j»UiJl \£*\ ^ 2 _ Aj j>Jdl 

867 J^yd I c-iJl 

873 - O.J* 

883 j,j*- jjJsyl oWJUl cM 

893 
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ljI JLlu^\ CjLl12uJI t, 
cij-bMiJ 4lll JLlc diUJl 3 jJLl4 



olS *yJd o^L^a ^y LajLaij! {Sj^t ydl iL^J^Jl o j»jil d)l ^ 

j-oJ-U Lyl-Jl IS y>^ji 4_3 ^_*_oJl 4_*_3 0->t^_v^ I j-v2_P ^-3 J_£jL)LU Aj jJ jl 

dLLoJl ^LLjwLa y*_> l)jL?cl!Lj aJw^J-wJI oJ_a j_JlJ y>L>j c^yJLiJlj ^^Lv^jls'SI 

^Jlp A^dJ jli?j ^y ^JL j c <L>_>- yl! iuydl A^JalxJlj AAjLJlj j_L*dJ yyJl Ay 

! l^la j t jl*Jlj iuyJ I <udJL y*J yJl oLy?yJlj oLUl ya 

_a1428 y?L>jJl ^y AJL*JwoJl <Lo-aJ| j-oJj-oJ ^yiLl^cJl (l)LsJl ! *)l j\ 

ca>k_J! a_*J (1 ) d)l^ t a-u ^ydl aA_UL> ^LoJla'S! 'qjj j*p ASy> j»2007 

y A^yJl ^AdJl Jj-v2-^ y»yrj) ! Jb La <yJ CAy 0*>LaL?C<Jlj 
.(L&^yj Oj^o^Mj t ^*>Lp^II j tjLvsaj^/l JjL-aj d-U^ y L>^ ty^LoJl 

^ydl aSJwo^oJ I ^y ^ jJuJJ aaJ^ jJI <Lw^Lww*Jl^ ! Lu Id 

t jbJl j ybJl^ t oL-adl . a»^>s-o 1 yL*d A»bJL) o jJL*S" ^A^ - j ^L^jlp! L^*-p ^y-ol 

AyJL)^ c Aj^yJl Ayidl^ c C yUl) ■»/?■! 1 Ay Ljb>Jl cjLjwiJl^ c (j^LoLs^-S*^ ydl^ 

t l)I j_JaJlj g-l yg a llj c oLj j ^ !l j o*y I j oLJjjJlSLJ^/Ij c oL« j_L^Jl 

. AjA-J! j C iaJlilaJl bl yjlj tiiUaJlj 

y fl>La Uj Jiui: ydl yyJl & y>^JJ 4iS\ Ay dULJl SyL. : Itiu 
*ly*l ^1 JJL 4 J coJyS>!l y ^yJl aJJlII jj-^ yp Slj! JllJI 

Ay- dlLJl 4Ju wLa LaJjLJ ydl ^>jLdwoJl ya ^ J_P j_y ^ ypx-oJl 

odjfc ya J .[^s>-j\s*~J aSLLo-oJ| aJi\Sj>u 0 oL^>- ^a (JjLcJL Ayilllj ^ jJ-stiJ 

^S> Alp-ljjj y JJ JSw jwUJl yj^Jl (_£ y>s-<Jl ALoijj yixlj La ^jLLaJl 
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L$»a t A^wo-L*Jl A*/? L>o^ C Aal-^Jl i «»xS\Jl AoJ>-^Jo ^-L*Jo La L^-La^ C <Z^> aSL«_Jo 

iiJLJl Jl ^ >Vl oUJJl ^ ^ ^JL Lr JuJl ^ ^Jl *\J\ Jlp JlpL^ 

.xi>j ^iL j^-Lo ^r*J' 

L^LwJl)) L^J^wb>- ^1 oLj^iSI ^ J5 ^ cj Jlp aJuJiwJI J^l*U 

LJLp W^a JjVl JjL^d ^>o o^lj JajJLJIj pJbJJ ajJ^I 

l^_>- y> LaLp LliS' dJLJlj c L^»aL>- LliS* ^ILJ! Oj^jj ca^jJLJI dLL> ^ lijj^ca 
^JwoJLsLJ c a_*_Lp j . jjLS"! j I Jl>“Ij c-jLlS" di_ta ^g-L-k-> Jjj aJ>Lp ^Jj 

L) J Aj*}L> 4_Pj-o->c-a La ^Lp A-w>s-jl jJLaai^ I oLjJjjJl <^ZS aL*J-w*< 

a^jJLl)!^ <Lw<>-L^J 1 d-> l^J-k-^.-JJ ^ jjjj^a ^sL^j l_^LlS" U-S* <. Lo->- ^La LLS' 

. ^c-lk./g -okl ^j>*lx~*S 4_Lv**i«v»Jl 0 j-A ^3 o-Lwc^Jl 

oLpI ( j«a c_jLlSL 11 (1) j_£k (1)1 L^Jwa C j-o L*_>J JJ_3j (wJLSsJI ^LaIjI {£ J~T 

j»Lp jJ-*/? jJ aJ! j c LwoJLp c a-jJLJI dDJ ^3 iwJL^Jl 

( 1 ) ( 1)1 J C O^J Ju>c-a 4j_3 I^J^L^XJ (lwC>u I L)j^J ^ l)|J 1 2000 

^P Ao^>- ^La v jU50| L^j i« <jJ I I AxDL Aj ^ iSLa L^JwP I A>t**jJl 

^g3 k— ^ygj L».A--Ig.> LL-P A_>s_^_>^ ^llSLJl jA (1)^_^j (1)1 1 C ! AaJ 
(J^L>- AoLygJLS^/ 1 A-w^JjJl A-s_Lo-P ^3 aLa**j^ t A-jJLxJl ^JJL> 

•LSO*^ cAr*^ OjLj 

a^^<>j>5«<>J 1 o>a_a o wL^_^>j A-j^iJl^ ^ j_L*_U y±y*S\ j^p dLLoJl alj ^L a <j| 

L^JJu ^Jl Jlp UJaiJl ^SLi! j! JA 

Jij^h ^-'jaJIj ^ iJUJl 

^>JJI j£S\ 1^5 O 1 ^ 1 IfJtfsJl 

tdUj-S'j A lg A.O. !l ^^3 L&jL>oJ j-w^N I I 4 J ]g ■> >' ^ j-<>->c_<>JJ A-wo-L^J| 

Oj^L-a wLsjjjJ ( 1 )j_*jLo ^ JJl A-J^AlJ|j ^ jJ_^_U ^jyJl J-aP dlLJl 4_L> j-a ^3 ^^Laj 
.^yJl ^>tJJ aJJI Jup dJUl 



_» 1431 /3 /20 ^LJI 

■UiAlilj ^ jlxiJ ^LLJI j~J; 

Jj^JI |»-Al^l JJ -U^> .i 
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L~\\j 



AcE 


acetylcholinesterase enzyme 




ANC 


acid-neutralizing capacity 




AQI 


air quality index 




AROTEL 


airborne Raman, ozone, temperature 
and aerosol Lidar (see also Lidar) 


OjjjMt \ y* 11 VUj jlcU 

jUJ >!) 5^1 ouldlj ijl>l brjtj 

(Uj 


ASP 


activated sludge process 


iilili sU-l 


BCF 


bioconcentration factor 




BLM 


biotic ligand model 




BOD 


biological oxygen demand 




BoQ 


bay of Quinte 




CB 


chlorobenzenes 




CCF 


chemical concentration factor 




CEC 


cation exchange capacity 


W ^ J* 


CFC 


chlorinated fluorocarbon 


JJ&* 


COD 


chemical oxygen demand 


^L^SvJl * JJs 


COH 


coefficient of haze 


j\ 


CP 


chlorophenols 


(J cAf yJ 


DDD 


dichlorodiphenyldichloroethane 


Jy^JI yJbd OliiVl Jh3 

(DDD) j^KJI 


DDE 


dichlorodiphenyldichloroethene 


^ o^y 1 W* 

(DDE) jjKJI 


DDT 


dichlorodiphenyltrichloroethane 


J jvJl ydUJ OUi>l 

(DDT) j^iSdl 
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DIAL 


differential absorption Lidar (see also 


jIjl) jJLJI) J^UUI jUJ 

(UJ 


DOC 


dissolved organic carbon 




DOM 


dissolved organic matter 


Aj jygp o:L> 


DTPA 


diethylenetriaminepentaacetate 


o^y > ^ ^ 


DU 


dobson unit 


ijz S-U - j 


EC 


electrical conductivity 




EDTA 


ethylenediaminetetraacetic acid 




en 


electronegativity 


djj&y\ vUas-1 Ubu 


EPA 


(US) Environmental Protection 
Agency 


(US^yAl) feJl iJU J 


ESP 


exchangeable sodium percentage 




FA 


fulvic acid 




FBC 


fluidized-bed combustion 


jl^l 


GAC 


granular activated charcoal 




GUS 


groundwater ubiquity score 


iJj±\ .ULl^jUsi'sHis-ja 


GWP 


global warming potential 


is*: 


HA 


humic acid 


(JLjJI 0 a*- 


HCFC 


hydrochlorofluorocarbon 


-A) A* 


HFC 


hydrofluorocarbon 


Jttl 


HM 


humic material 


iJLo SjU 


HNLC 


high nitrate, low chlorophyll 




Hu 


humin 




IP 


inhalable particulates 


aLiU olw?- 


IPC 


isopropyl-N-phenylcarbamate 




IR 


infrared 




lc 50 


lethal concentration 50 (concentration 
that would be lethal to 50% of an 
infinitely large population of the test 
organism over a given time period) 


(7.50 VA jA > dl) 
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ld 50 


lethal dose 50 (dose that would be lethal 
to 50% of an infinitely large 
population of the test organism) 


(7.50 5^5^11 


Lidar 


hght detection and ranging 


(^Jb 5il_ jbb) jldJ 


LPG 


liquefied petroleum gas 


JL 


MAMC 


Metropolitan Area of Mexico City 




MAS 


magic angle spinning (in NMR) 


L _ r i) Z-Ij-jx !1 i-jjljJI 

NMR 4j y]\ 


MIC 


methyl isocyanate 


JAM ollls-jja 


MMT 


methylcyclopentadienyl manganese 
tricarbonyl 


^ JAhA ^ 

t|jyr4& 


MSW 


municipal solid waste 


oLUi 


MTBE 


methyl tertiary butyl ether 




NMHC 


non-methane hydrocarbon 




NMR 


nuclear magnetic resonance 


c SJS o?J 


NOAEL 


no observable adverse effects levels 
(also called LD 0 or LC 0 ) 


J LDo ) vV > ^ 

(LC 0 


NOM 


natural organic matter 


Hr** ^ 


NTA 


nitrilotriacetic acid 




ODP 


ozone depletion potential 


ciljs-1 oj 


OM 


organic matter 


Hr** s,U 


OMI 


ozone monitoring instrument 


OjjjVl SJl^jl** 


PAH 


polynuclear aromatic hydrocarbon 


Oy_jSj j-U 


PAN 


peroxyacetic nitric anhydride 


Ji-I a~s1 iiji] jyr-jjr 1 AhAr^ 


PAR 


photosynthetically active radiation 




PBDE 


polybrominated diphenyl ethers 


(* jA> 54^ <JA^ ^ 


PCB 


polychlorinated biphenyls 


>--- j -,;n oLjUJ 


PCDD 


polychlorinated dibenzo-p-dioxin 


- f - 


PCDF 


polychlorinated dibenzofurans 


jjKJ! ySb* oUljjj 


PCP 


pentachlorophenol 


jjlSdl 
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PM 


particulate matter (PM 25 , fraction of 
fine particles smaller than 2.5 im) 


ji PM 25 ) SiL. 

y Lj-li. JJb UJaJI oU-i-l 

(jj 2,5 


POC 


particulate organic carbon 


i/4-A- i Sy** '^y.J‘ 


POM 


particulate organic matter 


Sib 


ppbv 


parts per billion by volume 


_)LL y 


ppm 


parts per million 


&yb y *&■ 


ppmv 


parts per million by volume 


^ y *-j=r 


PPN 


peroxypropionic nitric anhydride 


yuj y^Jj* AWi 


PSC 


polar stratospheric clouds 




PTFE 


polytetrafluoroethene 


Jjocll yUJ) 


PVC 


polyvinyl chloride 


*JUSiJb,jW 


pzc 


point of zero charge (pH 0 ) 


aJl A^>tJLll aLzaj 


RIRF 


relative instantaneous radiative 
forcing 


S^y JL-SJ1 


RPP 


reductive pentose phosphate (cycle) 


(o jj^) jjXXJl oLL- ji 


RSP 


respirable suspended parhculates 


aLU olw> 


RVP 


Reid vapour pressure 


wblj jL>*J Jgjt-yg 


SAR 


sodium absorption ratio 


Ls<ala| <L«J 


SOLVE 


Stage III ozone loss and validation 
experiment 


Stage III ALa OjjjVl ^^2-Al 


SOF 


soluble organic fraction (of diesel fuel) 


(JjjjJl ijij y) tjj* a* cy 


SPF 


sun protection factor 


AjL>«i-l J-alp 


SPM 


sohd particulate matter 


UbJ- oU 


ss 


suspended solids 


aJ_s^ Olil*-a 


TCE 


trichloroethylene 


Aujtf 


TDF 


total dustfall 


JS3I jUJI Jk> 


TN 


total nitrogen 




TOC 


total organic carbon 


J5 £yA * i 'JyjS 


TOMS 


total ozone mapping system 


Ojjj'yi JaJaii ^Uaj 
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TP 


total phosphorus 




TS 


total solids 


USdl iJUJI Jl^l 


TSP 


total suspended particulate 


usaiaui ouiii-i 


TSS 


total suspended solids 


3-lSdl iJLttJI oULdl 


UF 


urea formaldehyde (polymer) 


( Ij djlf- dJ La jjS 


UY 


ultraviolet 


Jji 


voc 


volatile organic compound 


j\A> <-S y 


zpc 


zero point of charge (pH 0 ) 


5 i>^ 1 *^1 ^ 
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jai j^yi 



La Jj 4_A^.Aj)-a $.LiJa2 4_iiixjj Igjl Jc. ^jAajVI Jj jLo\l i * <xj 

Jajjjj Jjxll 4iijJa] All's '1 tilli I jAay Cjl JuJI Jc.j j 

4^jl^-a jl (J^lA-a £y* A^eH (J^il i^Ljaall AAAxm .SaLoII dlV JjSjll 4 -ojIaJI S^jjAJI 
. pl_J! j $.Ia*JI ^jjAj (jl ^ . l> J tL-Jl^Jallj j£3l ^)jAj u' c . IaIj 

jLaJI ^j-a dll A^) jjjoi-a V j A_fl^A-a <_£_jl^a A^ jj V t£.Ljaa]l Aij^ajj j 

(jl UJc. (jfL ^1 4 j] l^i*jk-a jVI (jAa^jVl (jl£ja> AAC- (jl£ Afi] 

lgj| Jc- 4 <Jja 3I cCALLaA^oll j jJI Jj Jail! ljjl£-aL j)l£ j .^Ljafi 4Ajijui (jAaj^fl 

ojjxx^all 4 ijQiiAl oAA < (j^A2 • ••^^y Ja^. 4 -oj (jl Vj .USaIjJj 

.Lg_aA>L-a] (j£-oJ V iiLojll 

(,) (K.E. Boulding) j-L4* .j .d 
1966 



1993“ 1910 0 jaill ^ Jjjjlc. ^UaJ^jJ jjJ (J^jj ^)C.Ujjj ^gjoiLlAM Jauilij jAsua j jLk-aj5l ^ ^ 

,(^>JI) 
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cJ jVI 

AjJl f Ijdft 

Environmental Chemistry 

4A^jJalj J1C- L_jLiuiVj .Aixu jLAa 4.6 lJ 1*^ (jj Jj£3l U^J 

4(jl^. Jj.ljl (_JA IfrA^XA L* J Aj jy"'^ A_ujj^ dll XiU>l^ (j-Q Aj I j£a 4 X>JC. dil«lj 

^ jI_ujj]1_j (j>i\ iViVI jaJjujI t AaUall .lil J £aj .S«lil Ja Ac-Jj^ j ^j>il jViVIj 

4 Jlxj Lcu3j c^Ljaall Jj AjIJI <J dj^Jtj ^ja aJjIa jl^ULo djj] jj j 

<ijj£ Ajljj Cj^c. (protostar) Jjl Jc- ^ Jj-* «^j«^ Cy^ djjJ 

dll jaJj J . Jalldl JdJ (jAda ^jjIj Jj aJjJI ASUaJI jjdj .SjL^j 

Jc- dil^l ^ Ajj!3 L$jji jjdl C1 l>Lc.19j] J j3 j Jj Aiii^jj.JI Si jjll 

. Jl£ (jj-a J^ «^J A_iikl^ Sjlja. A^.jJl 

J (j Jj (jl A^J Jail dd j£j ^jll tilJj AjJaLuJI jliJI o j£l (JaaII ^ja J£ 

SjIaII aljj dl^Jj .^jaajaII Vj duujl <, 5 ^ 4liJ] A Urtillj IaI 4Aij!UI ^jadll ^ja 

(JSuA dl^jl SjIa 1 ^ J 4(Jj4AjuJI ^jjSul i**u> i AjU^juJI 

^jc. cjIaIu^ ^aj .(solar nebula) Lr uu»JiJI ^jjxJL L_ij*j <j^jS 

4dAj£jA Ixa Jc-liillj A-IxUAjoJI 4 AjlV^ll ^ya £ jjl (J dilute- dlld 4(JAAJUl3l 

Ia13 CjIaJI IfrLluiuj 4 C ,i1a°UjjJ1 (JA I JlJ J)A (jj£dl dllll jjl J dll J3I (JrfUM dldl£jj 

• dAjfLsjillj C_S j*j Ailua IaLuJ (J^XJ Jj 1 - ^ (JaJI JJJA £A l^_liJ 

^_ixxa!ll d_jjxj^SI CjIj£j J ll did 4^LodVi (j-o Jbjjl ^_a j 4AjIJI Jj 

(jiJj Ajijj 4 jJI (jAjJa dL^lc-lij dllx<a2h.j . j^. ^.jjojj ^ja (_Jaj A-Jl^JI L_l£l j£ll 
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dljl£ Jill ^)j-al_ixll 4 Ax^LiII l_j£Ij£11 aIjIuJI j A jU^iW jl JaVl 

Jill AjJJ^aJI (jjAj^Vl A ajLoaII i \* \\ ciUj q±i Lcj 3 ^jlilall CJjil^allj 

. Axj Loj3 dl3 j£j 

. l_i£I J3I ciilj ja 1^,1 j jajVl dijl£j 

(Early earth history) fjSiSS JajVI 

J l"' ^ j Jill A iL^ll jlj^l dlillj 4 JajSfl J-oC- (j-o S JLJI A yp^v \i lilJj J 

.IiajjI^I J* Ig <ah»«aj cllillj AjL^II JajSfl J 4 4 IV^/Lkj II 1 g ililj 

JlSJI ^j-o A /-w \1 tilij J Ajxan Jl jJI Cliljlc. Cliillj J . Jila-all 

4 dia Jl . (j^j^£ll .iujj5\1 JUjj jLiill 

aJ£^J Jail d^^^l diajl J j 4c.Ljaall jaj>V t ^Jaaua ^Lja 

QX^J^j 1 (j l£j .(_£^)^l 0-li.la. Ajjtc. LuillJ Cllc-lij Jajoill Jl dll Jc. S^-dui-oll 

4_LoI£j \\ Iaa J£ ji^b . JL Ja 4^pJI jLiill uj> ^S fl Lai tl^aj 
. _^JI J (j_^.Jll 'Lu^I ^JIjj AJlAx^sJ jl ^jjLx-all Jasu £-a Aj^)-a 4» n^ij 

dL>lc.lidJ ^^.jVI Jc- s-Lall <jj£j 4l_dajl JajVI £CJjlj (j* !-l=k JL* dlSj Jj 







: ^ 


4H 2 +C0 2 


— > CH 4 + 2H 2 0 


(1.1) 


h 2 +co 2 


^co+h 2 o 


(2.1) 



cilli dljl£ j 4^lJ JvJ !>Lk-a^J dl J^v^c J ^a,j J) (j^-C- lidll (jILfc 

.AjjIJI Jaj|Vl Jaxu J^ A-jj^at-a .liujl^l (J£-uj ^Jc- a jj-c dll a II 

(J jl Jl LiJ^a. .ijxJj 4 aj.Vq\I J^J ^La ^ill ^Lall J£ LaJ^) 

Ajjj^JII (JjAjJ^Ij (HCL) c-Lall ^)J£ Ja^a^k Jj AiU-Ial 4 A-iS (J^j-oll ■\)*^ < ^l 
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I i r 



Ai-uS Cl3l£ .vfiwj ^gUll j-g^JI j . JjVl 5-Ll*Jall dlljj£-G (j* dljl£ 

tA^aUI ^ -avVqN o pH=2 ^ ^ j ajv (J-gIc- aJ jo] ^ 

djjjjjoi J .Ia l.hj CLAjj^-gJ JbJLuj (J^LaJl dljl£ 

o J ^^. j-g 31 tilt L_ljlaj <-cj 3 ^1 AjJaj-G^ (J-gIc. 4_<u 3 dixijji lil ;<jJa aJax-g 

J j' >Ti' *U3I ^gi ^j^lx-ftll jj£ljj CjjjIjj 4cjS jll (jjiij .(IiijSj 8) CjLL.i.?^q ^gi 
(_s j t Jlidl ^ .(secondary minerals) ajjjIjII CjIu^JI <£UJ gil jj lid 
( CaCOj ) ‘"'j' m.« ' j j jjjjSj ^Jl sLall SJadll dlj jjjSII a 3 

dljjj^^il diLuAiLXj (_jljVl AjLo^II 

Ca^+COj - — >CaC0 3 (3.1) 

pLall daj fjji ^Aluiall dl jlill Lillsdl LdJ ljii£ dldij-^.a'1 frU-aft ^ jjlj 

.4d& jJ! diljjill! (j * j 

^jlL^all a£^. c jiun IaAx_^j J jj-s >, s - i \\ (jlfnjl £-g cAdl£jJI Ati>*nVI dot j 

0^)joi 2 Ajtilla JJAXJ ^gjj lx.l*G2k l_Lujjj]I CjUIaC. j j ^jL jjill diaJI J tAd Ijj^ill 

.^jAall Igdjjlj (J-g 5Jj^jall UJ^JI (jJa^)VI 

(The beginning of life) SLaJt CjU^j 

UJJJ^' UJ^ L& ^ yr* J] 

(j-G I jl -do (jxjJral ^jiajoJI Ajdol QA £jall J i lilLuj jy ^ ^jl£ 111 

(j-G 4(Jc.lijll dl J)^ A £-G cAaUall A-illxJI AjtxuVI 6^A dlj£-GJ . ^Ajutfldll Jjjfl 
. AjI^jaILg J J ijjtuJI JIg A-lxluiJ AjjdaC. CjIj£^g 



CO + 2H 2 — > CH 3 OH 


(4.1) 


CO+H 2 HCHO 


(5.1) 
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NCH II (JjjS (j-o Jill ;_)J-±».Vl Jo Ia^jjCj C. a3A dljj£j .HI 

L p a *j (_pa'j*jj .ja jVl o* 1-^- tuSj J tU jjc. jiiSj H 2 S j NH 3 j 

Ja j^aJI l^_La j iljjaxj jj£I 2jl_l£j-a (jjjSj] 2j j-a Jl o jj» . -nil dlUj^aJI 

.‘UaAuiJI ClI .limit j AjiuiS/l 

(Jj 3 “Caj33 ‘ _ '»■> J 23 dul£ 1 2a. 4 jj|2j ot-iai] I -n jl L-aj^xHI Jaj 

4-Jjl o2Lo aJoJjoij Cjljjja J jVl Li5lall C tjlaXU J J .^Ic. dll jLilo 4 

3.5 _jxj (Jj 3 t2jljiHI -Jxiil -j^ll ■ ..<Vl Aalla Ajni Lxila lIujIc-j 

llla_ui£l Jlial (J^Hi jAj ‘ Jj^H l. nSIjjII Jc. DJ^la LlIiLaJI Ja*. J Cjjjla t4jjai Jala 

J! 

C0 2 +H 2 0^{CH 2 0} + 0 2 (6.1) 

Jaai Jjl ja He. lib cilljj t<j ijSj j_j 3 __)aJI ^j,;^ ■ XVI (Jl j tAjI 2 j] 1 ^3 j 
jab cJ^j ^>aJI Ibj 44-uLall cbULill jLatl 2 jIJj ij£3 . jajSlI 

DbjaSj 0 (JajVl Jaau Jc. AjjjII 4 a.^.j (JaaII Jo ^Aaal ‘(jVl (3“ Ajjoi (_£jL4a 
. jJI J (J jilj JC. Ijlc. laaajbj 4 JjjJJI .luofil jia .Ibiall tlua. Jo 

Aj]L*JI djlij£*il LJii Jc. Luja. JaC. jbll JjjjVl Jsj^J J) jAI J> ‘ "^ t bjaj 

Jol L_lU]| IbA ^aSj . ^Ja jS/ 1 ^ In. n Jl Jjj^aJI Jo (jnanill Ajtbul ^-3 o2_jajAll <3 Hall 

. JajlVl ^ H. n Jc. oLlaJI a jJdj (jlSH 



(The recent earth) 



AallaJl jAjSfl 



AjjIai]! Alull ^ja jlilill ^gic. LaA ,lt.»£j^]l ^ j SLiaJt ^ jjoU 

^Ic. Ijnrii IjjIj (jiajVI l_ii£jj ^j-ajU-a^. I jjj£ ^jl ^ cA-ilLaJI <lnll JJ 

dUaJI dll (jlj l&Ujaj) ciljlj Ul c__L2kJ cillj £_a j .A^jLiuJI Ada) jULJI ^ Aa 

(jlajVI tiilli ^)A .oAaII tilij ^UjI Aj£Lo) duL Ua. jl jjiaJlj 

(JjUS jj-o dj| (jjj c^^liiA dl^)jj\j 1^-13 (Jj-aaJ o^hxIa Aa jJalA 
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CjJ tdLiaJ] JaIuuJI jjjajll J lJLijSII J ClaJI J ^'sUa'I jSjdll j ^jlix^all 

(j-a dlU j£a!I ^ic. Clil^jiu l^)JaJ Lo-lic. j . (jVl lg-i3 (jjlixj ^^aII A^nll 

.I^jajj (jlajV! ^ CjI jlsu AjAxjII j 5JjliLall cjIjjjUII 

CjLLlI^JI j l_ia£jj -Lxuj jIa JL <1uj jLAa .Via j tcilli £aj 

(J-al_^JI 1.1 (JJJJ . Ii.UjV IAjIj 6AJjoiJJ^)3I CjUj^aII l" n^k ^JA cAjajIJI J 

- 4 j\l -w \1 LijJajV AaI^JI Ajj\j jjill 



■ V _jjJ) (jiajSU 4 _al^JI 4 ujLjji 2 l <j^l jiJI <Ja*j 1.1 







5.98 xlO 24 


(kg) «3SB 






6.38X10 6 


(m) jkslt 






5520 


( kgm 3 ) Siissii 






1.5x10 s 


U~5S 6 - M 








(km) 






290 


ijj* A^JA 








(K) 


iuuUSI 


£A±j*A 


J*# 






1.37X10 21 


5.27X10 18 


(kg) «3SB 


1.48X10 14 


3.61X10 14 




( m ) ^ u,,'H <^Lu4a 


(*j»i- j^) 2700 


1030 


il_ya jVl Ji44i oic) 1.3 


Ajjjjajll AiljSlt 






(0°C 


(kgm -3 ) 


i Fe cAI 4 0 4 Si 


o-bJ 4 H 2 0 


Ar 4H 2 0 4 0, 4N 2 


4+4> j]| CAl jUI 


Ca 


4 Na + Al*i» 






4^1*^ Jt) 


4 so 2- 4 cr 






(^ 1 ] ..diljjjj£j ajjojI£I j 


Mg 2+ 







• 3 -t J) 1 -i Jk5bi!l J (jil jVl AjUik (jc. AjaUil tllLajk-a Aju ^ ^ 
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(The subject matter of this book) 



<-Aj£ 21 life (j J AUH 1.1 



4_mJ| f. 

(Systems and surroundings in environmental chemistry) 



Aa jlii* \a uAIIjj Ajlj i dilaLu J ja Jill CjLaJJaj-a^] la3 j i (j j£ll i_i 

jjSlI «. ja. ^ Aa j .(surroundings) Igixia^ j (system) 

liA (JLaaJjoil IiVSaj . Aaj^ViaII ^jLa. ^jJaJ 3^;^. a, II jjl ^3 i^uliall 

JjlflSl (J ^lUjj O^J^LuJ (JddS ^JA AjjLuu£ fiJJJJjol 

L*j IjuaII i^ns (jA Ailaldl t<A j^iaII jl .L_uaS.ll iiaLJl pentachlorophenol PCP 

^jSIaLulJj (jjiJI (JjUjLlAifL]! 4 (Ja*a 3 I (Jc-ILg (Jj-aaj 

JjSjA (jjijJj (jjAAx-aJ (jjjJl j 6A-a£}La3l L_ll£jo3l Cj^lc-lij 

tUlllLo ^ j . CjLg jSv^II J 'jg 7 - s^IlSAj tJada^oSI ^gic. Jbl jj £_a j 

4 jc.1 u^*\l s jjjjLoJ! ^jjjIj ^1 ^aIaIjI jjj I 

t dioxill (JJjoj^jjI.131 (JjjS (Jja Aj^Ij VTia JpUaJ jl PCP SI -liSjJ dna. (j-o Ja^a-oll 

.<ln]l f I ^-jjJal ja yA ljla.1 j ib-llc. j-Ja jaSI ^_b-aj 



^^1x11 L-flJaSI ^ja C-fl^aSI ^Jl £_LU-ai3l ^ja (Jl gV^I j IaIUIa AjljIaa I i -*j 

6 CS^ (j-a lIiLjUu^ 1$j <^31 CiUVI klua. 

.1^131 jl J^jI ^Jaj i^^jjjaJI I^jLa JaAJj ;tgj ^pa^xJJ ^j]| AjjdaJI AjjLiaJ^]! CjV ^^ 31 j 

AjjJaJl c-l_iAu£jl J £.l_ia.VI s-IaIc. Aja jJij Ic. jjJa^G JIgJ Aa j)Via (jjl^SI tillj ^-Jj-aJ c .iliia. 

£_a aJc-Uj j (JJja£ jjUI Jl&il (JjdS (Ja cAa jiakdl S^j^. ^ Lg J C^a jajuJI 

.AjjuSI ^1 _uuS j-g qa lc.jjJajA t ^cJj . . j ^.Ldlj 

.A^jJ^IaSI (jj^ OjiSld (JIiaIaII Jaja-All g.l)Aj^ ^Jb Alnll g.\jAj^ cJajaijI ajldxj 



^Ij j^l ^Aa 3I (j! <■ t l>j tAjjJI c-Ija^S l^a. j3l ^j^Qa'I lib £jjJa Cliaj 

J\ JZtt\ U£aJ t A_i3 jLuiVI cAj^j L?i5t U^dl (> lS3Ua3li .U1 L^lj Ui^t l tilSil 
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t> W*" ^ ^ 1 . (jiajVl j£j>i oW-^W 

J CjI J& l ^ <_£ jLolJ ^ <Jc- <J JJ ‘JLiAJ^ dll j^Luj £jJaJ 

^LojA^I (j^a. l.jalj Ij3a <_£ jLd ^jl AifUl o^A <£IaxJ . dll jp j ..ti ll L_flJ 

jl tdll^jajll AlLa. J JaaVI dll^jdc. (Jj-aJ jjl jl co^)jj£Jl Sjjall dll j j^iuiJ 
J] .AjjJI diUiill (j-o ^-aLkiill diVLa. jl l ** ^ ^11 3JU. diljxo jli £ <xdu 

JaS c ^ja l^ii-x-a l*^a Vj (_£ jLuii V cLgJ 4-<uS ^)j£l -lie. 6^ 4 iti\l d!a 4£Lojoi 
.( 1.1 JSiB) I > jLS 6380 jJUJI ^ jVl 

JJ (atmosphere ^ jJI <-£Uil) jJI Jl £ jUJI jaJ ^ j^4j 
J i£ . (jd^VLj AjjpLc dl^Lc-lij lg..AC. d j ^C-d S.viat a dj|_jj_jJjoi J-aaJ 

^jjll 4 jMj-'j<\I ClL>lc.lij]l (jl ^Lu Lijl V] tA jJaia-La dllc.lijjl -lie. Clll jjjuull ei& (j^i 

.(_)^ajVl (_5^C‘ ^Lq-t." Vj-J-ajI A-1 *aV| ojjij I jin 30 (_jic. -ijjp <jjlc.liiijl -lie- 

Jjlad V (> JI 4iLaJI AiJall jli 6(jj£lJ (JjLgJI J£ll Jala, a, II ^jaj tlil 

^j-q A-Jlc. dlLc-ldj! ^Ija. (JjIL (jja^Sfl Jax*j dlaJ (j-o JUaJ ^Jlj 4 1 JOa J l£ 50 Attl 

t^j_^aJI Jaia-oll I jlA j . 4ddl ^l_ixu£ JjLiuj 4_ic- v ^*" La ^hx.A ^ jda ja Ji d & jJI 

IJc. JaJjaboll S^)J» fc^ill dLajIa.l^SL 4 jJLo .1 VIsm' 1 ddjjj 1.1a. tl Jj.W a <ij£ 

J LIaLuaI jj-alj L_fl jjoj tillj Jc. ^.lajj . ^A^jLdc J o jlc. l^j \ 

J\ Sj^kJ jl *Uj ja. ciua (_j-q A nar <o SJj^a-a (jUa.Vl C> 

Jl Jada^oll ^j-o ^ J>JI cdlj LiIaC. Lil ija J13 tillj (Jx^j Lode, j tAjjjll <Jux_a 

JaJJj-o Alnll (j-o jjxx-a ^ J)a. (j£ ^jl <'ada. ^jc. (Jiau Ul c Lijl Vj <La 

,Uaj|j4A ULl£ Lxa Ix.jA-v j 6^^)aVI ^ i>Vu 
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% 4 4 - : ! 




LjUSJI liA (JJAtSlA 



Ajaj tliLaA^o ^j£)Ul ^jLiaj^II (JjjLoiVI JA3 jaJ L-jIj^II 1 AA l_u£ 

l_jIj£]| lAA 4JJ Jj^}LaJJ V <LgIa a Ac. <Laj (jt Jj aj)\-ui^\ l_1^j (cillj £jjJa 

. ( J j l ^qM I J 

J£ o' £* ^(environmental analysis) < 5 ? jA' JAAI ja I A 

A Uilaj . (JjAjII qa jfc djL^ iix_A ^_i£- IaIxJ Li* 4‘lni^lla J LujSj ^ Jjja ij»a 
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Ajlj'Vill ii—nJ .o^)3jlall CjULuII oJj^. ^^Ic. 'UiSllcll -1 «jxj 

dljjVl Aiu:l£l ji (jjjjVI jJ-ilLa 'j w~'iq .41121 (Jj'-v"'" jjjiJ j . AjjjII ' ' 2 

ClAjIsj j (jjjlja lUVij tljo* jliS 25 ^lajjl ^ ti_iijall 1djiJ)I\ ^ 

4 c \ q ^Lkj l * \ \ W\ ^ £,La11 (3^ ^ ^ Q A^ajuaI ^IHaII v^-v *< jj 

(jl j 4 AjI3j ^ A-ilnll a3Li1^j 3I eLuu^JI (jj <_£ ^)Zuq1 JJju (JJ 

.aJJ CjI jLij ^ jjoj l_Aj£3I 13a ^33j 

.(environmental toxicology) ajjjJI a^aLII ^Ic. <jc. LL& l_iL&1I 13a ^ 

l^jjlj (jl jA tAlnll Jc. (jj^dxllj (_£jLaJI (jj311 ^ <j^a ijVl (^iali c3^ ^->4^ ^ (j4 

CjLJVIj 4 6^joiLia1I AaLuJI (jlj sLi^ ^ \ (jljjjj Ia^^ajjj 

4 <jAajj-*aiJI A^.J 4*L^Sf! ^ JJjS fjAxA\ jjAIaj (Jx ^ard 

^ jLk ^jUaj^JI ^jajoJI Lq^ac. l_Aj£]I 13a jom 4(^1331 .AxauJI ^Ic. ^.ujal ja 

4Ajja)LuiVl AjajoiII (_£ jLia] o AjoiSLia o^c> £_dal ja ^3 ^2l3j 4 £| J ( C1jIjjJ^x!1a31 

Ajjj^JI Alnll Sjj^^aII ^jaxJI djLiA^ jj^j (jjjl^L ^a jj jj ^pll JaI j*Jl I^Ia j 

.I^JjUj JjI jLj 



(environmental 1 *j ^3ll j ajjJI ajU^ jc. LL& c_jL&3I 13a oJ j 
Cj! jjLiaII lg_iAj 4 Ajlc' ^jJaaj jl dj j!lA\ ^.Lqj ^ull 4 djbliill ^jc. ^1 4 control) 
CjUjjj^I jc. jl 4 " Green Chemistry *ljdaaJl ^U-ojSH" ^ A^jai«Jl a^I^JI 
djUla3ll ^ 3 a jy*"'' . 1^jL3j j3ll j Cj ^ h31 CjUjIuiaI Ijj^. ^lill ^jjjl ^31! j 
A_uil^)J (j (jl Alnll ^I*J 3 j^I 131 \.^j.uj1 J 4 -^J l.jJrajl A-JjjjLoiI ^JjJal_^A 

, y ^XoL^i] 1 J djl Jj\ ^)3ll tilij ^ (jl liil Vj 4dj jtll (j-G JL^kj 

(> (environmental science) aIlJI jc. LIj£ 4j13£3I 13a 4 1 jjaj 

^^Aj 4 La ^jjJ3j-a3 JaI£ 3I (Jl.TkA.ll (jia^)*3ll AlnJI ^Ic- o^)jIa‘lA 

cillj (jXAjJaJ A. 1 XJJ .Ia^)4C> j ^U^.V1 Ua. jl J 49 JI j ^11 a 31 ^alc. (JA d^)4j£ SjIa L_lliaJJ 

A^IiaAI 4 1 j\ g ulj (jj^j jSl 4IAJ4C. Jjj W^j fijjaa 4 L_iIj£ 1I ^ ^JjJaljAll 
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UjjS ^al .AjjJI pliaAl QA I_yajkl\ >£ (jVI lVl^*,i 

.^jV I S >11 Aim JkU li-^al f >UI >L >11 >L.Vl > > lJjSII 

g4 jjl j lgj& J-aal jll till jjjjjaJI j 'Lxjall <lnll t-jjljj J ^IajAVI Ujljj 
^r.jjJajAl <1 j-oVI (j-ft I^jjAI U^^plj .<j^laj| ^ijljVI (jC- ^Aj ^jll till ^)j an 11 

<liAI pl_uu£ 4^]l*AI *Ull t- aVi-N. ^ 3 * CjVU. ^j-q aJll^\ tilt UjJ^.1 j 4 <jla j^)*-a]I 

Jjjadj J <j]| 4-olgAI (JjLuiaII J 3* ^JjJ £-aj * L^- Lj-ftllC' lc- jjlaj-0 (JIaLi 
jjs jj (Jj (AjIuII LiLiaall 3 -° AA-ol£ Ax. >^jA t_jllUI 11 a t-iliAl 3 * (jjs .LJJ 
. 3j.' q II cdlj (j-o LiLiaa ^i] LujLujI 3j^‘^ A-ILiajI AjjJsjI 

(Environmental composition) <J#2) <-yS Jll 2.1 

Sale. I Ax 4<ln3l J U^*-° S-^3-* jl jo^ilC. ^Lu 3 ^ 

j| j-a3I ^A La .^Aluil ©Ac. 3 c ' AjI^.VI L ♦ LaA J .£jla j-aJI tllli < J ajj^l J (JaLiSj &J 
^»l Jlc- ^al JrjjLi J ? JljAj^ll L_l£j-<JI jl jj^aixll <illj l$J 3j^ jll 

Jc. 3 jLi n (__ljl J2>. 4_aJ Hull I jj 4 ? ^LuJ jA (Ja ? jllxA ^iC- jal Jx (J^aAHi A 

.A_xAjj-<AI HiIjjIuuAI clUj l-iIajjjI g .1 nV<j*u«l Lblc. 3II 4AJUAI JjIIjAJI *». iumJ A_mj tli^KxliA 

. da V (JLIa ^ jJLAI j 

lllA Ha j aAa .Aulnll ^ jjILAI ^LuJj ^ul ^LaAaI s jj^VI AAjYI LAu 
(Jxaj 4ul Ja .L» Jj 0 jj^a'I " AjjIjajIII A"\u^i\ li" cjuaj ^jI^aIc. <jlu 11 
Ic-jjji ajHjoII hVL^. Jll 3 ]^ 6 l^3j^ (Jj^AI 3 -0 13 *Lc. ja^ a\I 3 ^^ JSjI 

^LHaVI yj - AjjVqII 3^UJI ^-LiajI S^jjAI ^1 3*° ^LAl ojLiajIj 4^1^ ^ jjILAI ^^^a 

<j jl Jj I Jaj j .(^3^.Vl HiLulAI j Jull j ajjLaII Hi! h>i»Aa" IaLu <j jl 3c. <J JJI 

CjIjI Jajlal L_l±uUj ^J1 3c. jHajJLJ Ajl^ 4 Au^lkll 3^ * Al J juj ^a L^uLAla 

JJ IJaij 4^al jll (Jj . A_aIa <1jLola HjLajJJj HjLajjj L_fljUaj JlLaxIu Ajj^IaLuiI 

. "LALIa Lajoi" ^>ik.l aaa 4(31^1 J 3jlil ^J^c. <jl Jjj AlllA-uJ 
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ajIjjIxu-q ^a Lo Ai^>*-<a jj-o Ajl ^.ixj 1,1 a (j£ 

jj^lLall ^j-q ^)j£l ^jjjULaj L . V“' Laj 4«^jJ (JjIj ^A^J^I J ^.Lftllj el^JI 

CjVI^j ^k Ajxnjn'l 

^jjijlv^j JjaujVI ^xJj ^j-ajc. ^jJliil! ^jl £y*j 

Alull J .Ljj£j 0.7 mg kg 1 (_£jLolj ^j^ajVl 6 ^)ju£ ^ ^alc. Jojui jIaj Aj* n)n'l Alnll 

Aj^LaJI ^t- ^al j-a3I ^ bj&Jj ^Lj j Jlaill ^jJ'UI ^ jj 4AjjLa3I 

Cjli ^3 In' i<a\l -li-likj 4 " AjgM)3n'l jj^ljjll" o^J AjjlLa . JSI jl lOllgL 1 S^lc- 

I^CllVl^JI Lq IIAj n4 » q’l dilj ju^ll 

*LJI ^ ^ jJliill ^j-o CjIj jjjoia ' y&\ Ijj ij^uj (_j-q v djjk-saj • 

• 20ngL 7 l Jc. 

(Jj-aJ jJIj J)j£l^)j 4 qU’^'l ^jjiSj l-JAJ i**'' a\^ ^ ^ j\^'\ • 

. 3.5 mg kg -1 ^ 

CJjia. 2_) Jjil (_si 20 mg kg 1 Glun j lSjUjj jajjflj jj£l JJ (jdji! iS J^- * 

jJI^Ij A_nc. «o A^JaLa j c (jjj-all ^ jA J)J_^C. AdaLiJa ^2 ^)joi 

Lo Ullc. VI 4<ln3l r ' ^k <joiI^)^3 AjI^j (_5 jjuj ^i^l jjII o 1 a Jio ^jjjLia 

.l^Lc-lLo j CjI^j^JJjoiII (J^aC-I dlLuil ^jjjLujI (JIaJ IgjV A-J^>Aja, AjI Aj jn/l 

(Species distribution) £ jj2 

C_l£^a jl jA^aic. jj£jj (jjjLiS <ja jp^tj diVl^il (j-Q •V^'l (j-° 

^ jjj l o. ^.j ^*Jj jj£Ij a^jJ (j^ ^1 ^a 31 ^ U.. <i^. LJ^* -0 

(Jj|^)ia (JxxjjjJ idlVlaJ! Q>n\ <^J * ^ , n*\ j!ill C ^ . .o j LoIa jljxl! iiill] 

(JLa*iuil Jj pjaill 1 >>i jl t>“J •*^j\ 1 . 1 " ^IjjVI J)jj^"^ 0 '^3t ^ ojjlaLo 

V. Cheam, “Thallium Contamination of Water in Canada,” Water Quality 1 
Research Journal of Canada, vol. 36 (2001), pp. 851-877; H. K. T. Wong, A. 
Gauthier, and J. O. Nriagu, “Dispersion and Toxicity of Metals from Abandoned 
Gold Mine Tailings at Goldenville, Nova Scotia, Canada,” Science of the Total 
Environment , vol. 228, no. 1 (1999), pp. 35-47, and Z. Zhang [et al.], “Thallium 
Pollution Associated with Mining of Thallium Deposits,” Science in China (Series 
D), vol. 41 (1998), pp. 75-81. 
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tiiljjjjill <*li dllil 3.1 j 2.1 dilc.jjp 

.pi I c-Loll 4-da_j^a. (J^lxl laulj ojUjC-L ^ jjlill yxj 4lla. .pLall ^ JJjjllj 

diljWuIl dlli (jjSj 111 . jjKII dAjjjl Ujtj jj (jjjjll Alla, j 

(jjlial dllc. jjJ QA (JSl Ijjja Ajljl-di dlljLu ^jic. AuLull ^ jjjll dlljWu 

^Ic. . 4 al"iA *11 dll j ^iLuilip j-q jjll jj jl jjll dill jiilj Amill ‘ ~ <1 p» " AIulu 

association jlajVI dulli Aij*-o LS lc. ^dlnil dilijij^ll b .Ku Adinj i Jlildl Jjam 
A idfiA-Jl dissociation dKiill dul y Jl AiUil <*LJI j dLdl jjjjSll ..luiS,! ^lil 

dlliLull jk jl ^-Ic. ^gilllll jill b 'i\'u Adixj 111 .(jjlj^ll ^umJ 

( <2l£d v i 1 dlllj) AiuAVI AjlILiII 4j.)-jql1 ^ lr- J tljjJ jaj 4 uni lull 4jAjd m 

^j- 1 I.' \3‘ , jT* (j jljJ Alla ^_3 ,jn Aiixull 4 j»jiU'I 4 jj| ^ V. 4 ijU'i^ll 

L-lmi jjlli (j^s pH = 7 4 rtjall Vin 2.1 JSdll ^^3 (_JJ_jnxll 1-All 1 Vi A 
(_juli^l A-l^a. ya %16 ^gjLall dimSI ^gilj JliiJ .Aniall dill Aic. (_)jLia.Vl 

• Ida 4 1j‘i . >i <dllj_jjj£ll Aluij 2)1 (j^a- ^ 4% 84 (j^ajjA^JI dllijjjS jLd j 4dllijjj£ll 




OC Aaj 2 ^jluu .pH AdajAall J-al*J JjIjj l^ii^ijj dilijjjill (jaUai dilc-jjj :2.1 Jldll 

[individual species] . - 

. (X— Aj^ill Ajjadl U& ijjn-A (_>da Aaul 

[all species] ’ 
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.C d -(molL ') jjlSfl tiUjji buti Aiuajj JjjjS jjii o-U^S £jjj :3-l 

jj^JJ Jt ^jlaJ djUaJa-all Jl 3.1 ^ (I) JaiJI JJjolI 

i> %28 JS-i HgClf-S J oU^JI . 0.56 mol L 1 ^ 3 L^ jjlSll 
Ji (i_i) JaiJI jal^j .%16 HgCl 2 Jl^j .%56 HgClj Ji-yj .jiSjS o 
• HgCl 2 jA (juiaJI llua. 9.5 ppm USj^i ^ Jjlsll Clljjji JjS jj 

jjjSj jjl tAjjjll ^3 <£_jlui j-k^V'iXj ^uaLaJl 

eLaJI ( _ 5 3 It <]La. ^2 .AjjjaJI i jk jlU jjjlli]! LiuiUj 5Lolt 

j» jJIj .IluSIj I j] ipLall J5lai5U “Ujlallj ‘UlSill (I) fjjO dslj jjl jA 

ij * jaJ jLaJj *LaII (Jajj V ISJJC- lW Jj J 6, ^ ‘(in) 

+ 1 j 0 SA^Vl d:VU ^ AjjLcJI AjaiII Jlolia IaI . L . u 11 jTy 

ciLojoJI ^ (JmWB IaI c-ij^jsJlj .laS jaII 1*jj +2 j 

t_ixul jjll ^jax^ ^3j1j CH 3 Hg + Uj ( methylated) JL^\\ c3^ j® 

Cllbl JA^1\ J L^IajoiII ^JA (j£j aLu! U a 1 ? JI lA&J - 4 c. jVJ <Jj^)£a 
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(Jjul tdlln^l <■ t Aj| cillj QA .liLajuill c£Ij jl Jill ^^JjoiJI 1 g \*j) <_£^)lVI 

. \.jJn.)\ Alixll tiilj 4.x. \^x J] (J^ CL . Ul><N -* a "* B J jdl JnJI J] 



(Chemical processes) ^Laa^I £i\jjj±*A\ 3.1 

Ada .'» ill J*\ >/i ^)JC. li&j 4 4 1^1 >ri AxjlVdl (jl (_gj)]Vn lilli (jli tllA l-lis jJ li] 
Alnll dlljj£-o ^j-oda Jad ^Ill\ Ajjjdlj AjjLlgj^IIj AjjljJiiJI dil j j^jjjuJI ^j-a Jl£ 
tilll 6£fll Jl J j tl_il£ A_i*_nla <jj£j J dll j j^luill ^j£-cJ j .Igln LojS -LaJ jjj 4 qV’iA. A\ 

JLaJI Jc. JajVI cJ*^ J An^jljjdl C-ilS^VI Jc- dlA£jail Jill ^gA dll jjjJjoJI 
Ai^)x-n Jiln Alnll ^Lixu£ ^il U^j_^Lj ^j-Q ^dljll ^Jall Ji lil .^jJI aJc. ^^a Jill 
.A /mil dil jjjAuJI qa 1$. Jill Ajl j*ftB d^ylc-ldll 

L)^ d L£ J c4_mj Uld -j ^ > >»*V< Jill dj^lc-llill S Ji£JI (j-al^lll (j-ajllj Aluj 
Alnll j c^Aj jliJI Alnll) j * Jl ^gA A-LuiLujI JjoiS! AjujI J!>Lk (j* Alnll JJ Jdll .\}i*B 
diUill eiA jdj cA1& j (J jl .^U&Vl Ain) AjjjiaJI Alnll j cAnL-all <LnLJI Alnj cAjjLJI 
.l$ln (Jlld A^.jl Ad J ^dan l_Aj-uj All V] 4 Laid jJax.) ^jc. ' >>iar 1 AL-dla 

(jl VI tA-unUll Ain ^j-o * Ignl Jc- Sjlc. AjjjII Jl Jan tjlldl Jnn Jc. 
Ajlnll (j-dl-alJI Jn.ld J Liudj I l^jl jlx. j AjjjII (JJL^d ^Lnnlll (iljLuJI 

.l^ln L<u 3 JUnVI Jj Jill dL>lc.lijll Jj AiLjal 

Ajlnll ^LdVlj ^Lall 5-oJalftl U"iu*n LnLn 4.1 l£J-J 

dll^)jjJjai ^^gA (JHaII I^A AliJI dil j^iuJI Jax,.Q ^AajflJ SjtnxJj .(_^^)lVI AaIjI^aII 
(Jldll Ai-n^a J V] tA-n'j^aft dj^lc-liil V tAjj Ja dlljjiu ^jAjJan l^jj dusk AjjIjJjjS 
.A_lnll AdLnnlll dl^LxJI ^jda jjl ( da jj Jill ( x_i*_dl AjLujj 



.1 1.14 (Jldl Jaj| dlLaJalol lilvy.a\l I^A 4 it Us* (JasUjoU l_Ajjoi ^ 
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A L<uS A-clc« S^)jj-a (j-a (J£juall li& IjjS-aJ 

46^)S1uia1I SJlaJl ^ .^Jx-uSall AjI^j^Iui ^j-q jjj£] AjjjJI Ljajl j . ^Loll 

JJLq c # i\ m"\ i^ya \ n^Aj La IaA j cAHjIj ^SLUj <jJj1a S^jjJjoiII s.I^^.1 ^jj£j 

^\ j^JI ^.LaII a_i 1£JI <£&]! ^ jLuij . <,1 mm <11^. c-Loll Cjj^a 

^ j^-VA jaJI J) S^C-L^all *U3I 4 _Ij£ <_£ jLu£ j -LjjjSj 1.3xl0 16 kg 

4.23xl0 17 kgy- 1 




^IWII aljail ^ Jja.jJI *U 



3 jjIaJI ^1\ j .jvuill yi yKJl jIja» 1I j>l jc jLUb 3 jjioll 3 >iill Jlu ,*L»3I 3 jjj :4.1 J14JI 

:yi ivjAa yAj 3iHa»» jjtun <>i jv&l Cu n jft l .juludVt <lfcU ClUajj yA kg y~’ — J 

Elizabeth Kay Berner and Robert A. Berner, The Global Water Cycle: 
Geochemistry and Environment (Englewood Cliffs, NJ: Prentice Hall, Inc., 
1987). 
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(j _jl jjj .<jauLillj c 7.29xl0 16 kgy 1 j 

jjljlll Aj^LJIj <-'! Uj-v ^ V- Jja JaiLuilll UlUoi (jijiA 

sjJjB *J£1I ftUll jjSi 111 . 1.10xl0 17 kgy _1 j 3.86xl0 17 kgy' 1 jUjUi 
. 4.96xl0 17 kgy~ 1 ^ s jjL^I j j=J J\ 

.1.1 (JllLol] lia j ■ ( _ 5 i * Loll oia LJ 



ijlftll Sift (jLua 1.1 Jlftll 

o jl AJLijoJI -7- o jq'uaxll AllaJI ^-5 j-gJI jl SiaW — olo 



1.3xl0 16 kg 
T_ 4.96xl0 17 kgy 1 



= 0.0262 y = 9.6days 



. jJI *LJI ^ u^J Jill 4-Jajui Jl oAaI I ^^^A dlA 



Jl 4-llLaaJ djaj 4.1 (j£-uJI 4 \ua\ 1 dlljaj-all ^1 _jaj jj 

(jA IjJrijl 1 ^A j cAIaLoJI s.La31 Ajjj JjaS! (jdJ LuS (Jj-aJ Jill AjjolIjJI dil jjjauJI 

(j^Vi Jill (JjU-aUdll (Ja I 4-<aJ JJ .6^. Jc- ^joi3 (j£ j)AjJa 5 _aIJI dj^lc-liull 

iL-a J 5.1 trill (JJJJ 6 Jll<Jl (Jjfuj Jc. . ^jouJl (JIa£1uiV <aJUIj Aluu Clijlc-lij 

Jill JJaA^I gJa ^jJi-aA (Jjx^lij _^A j ; AiJI &LiaJI ^pL-aA gJjSl ^^IaUa 

.Aj.Vtg 11 Djllll 4-1 uj j)A £ J* 

4jjUaj£JI CjULnll £-a (JoIx^aII 11a J o j jaJI CjIaJaaII Jl a»,*uJ ^Jaj 

k_ijjaij <1 a*Hula1I sIiaII <1aI£ <J ^(JIjaII ciff^ Jc. ^^ajjAIaJI 

CjULnll . Jlxll s-IaII Jl 4^,j jA (_$JI (jl -A*J IajS (_£j 

3-g^ajJ (_^jj^Ja 11 a j t<Lpl JVI *LaJI diV Jjj (jA 4 jlaj^a <jJ^x!1j <jc. jll 
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j LaA 4 jl^lLu-aA 4-d 4 5.1 J<; d'l ^j dAjxllj .<C-I^)jll pLall jAl V^IA ^)3jJ 

Ai^JI s-LaJI (j£ jIlaa (jl . IajjC-j Aj^alloll aAA ^ (jlAjLa J (JIaIa 4 <— i jA^ix> 

S-LaII ^l^All jh^aII (JjaJ 4_fljl fc^iA a Ac. <aJj .(J£jjJI ^ (jnAll 3 J jl^a-aVl A 

aLiAll j A-l^JajuJI aLiAll L-AjL^aII 4<SlaJI a A A ^ .< aLdA <dll^)jjJja> ^C. cjjja Asu 
.^jIjjII (JaAHII SjjAII 4_Jjlajj 4^3 jaJI 

pi j^.1 ^jIaAj Ada. (Jajdll ^jAL-Wij Ajlnll dll ^) j^AjaII ^saIa 4- Qx^aj £jdaj (jl 

dl^lc-lij] (j-a *-adi]l L_flx-ajllj 4 (JaLa1I IaIjj^-aj 4daJ^)*JI ‘LalxJI ajjj-all 

4^jjJ3ja 11 lda^)XA aAL j ^ ^jujj (jill^A.'l (jjAA jA (_]£ dlLuil jAII j . Ajjjla AjjLiaj^ 

.(j-aldllj ^Ixll jjj La £-aaJI jA Ajlnll »1 jaj^W ^ Lig-aJ jj ^jill dlLjAVi'l A^,l j£l 



(Anthropogenic effects) 



Ajj-uoII J^LLaII 4.1 



^ Aj^)da]l ^JajoAVI JjAC-Iaa ^ Almll c.Laaj£ 4_ujI^)A3 CaIIj 4_^.j Aaj 

4aAl£. 4 -Iixa (jl-il *i a AjjLojIa jj£j jl J^C-UaII aA^J j^AJ .4 j» jj3-»ll <dl j^JjuJI 

dlLLixjjj jjj jlil A-llc. ^laJjaLa]! dlLtdVI jA ^x,^.4a.1I (JIaaIIj ^.ajjjJj 

flc- ^ a^JI 3 ihj& c> M l?^I methyl isocyanate JAiaII 

.1984 



4 1984 (JjVl u^l^) j-* itlfitl (jA ^£IJI u^ill 3 

dlLLiujj jj| jlc. (jA jlilal AjujV 4. oj*^ (JpUajl (Jj-aa. 4AAgJ! Jajui j ^gi (Jljjgj AjjAa 

^alc. AIa jlstll ^u^ij jl£ Ajjj^ <^3 jljd L>° (CH 3 -N=C=0) cJ/iJa'I 
3800 (^Ic. Ajjj Ia (Jj3j (JaxaIIj ^.Jaj^ASI AUalall (3_?2 4 Qj^ll jlxll l^laj .1980 
dlLL^a] dljld j 4 jlxll ^-dajxd I jjjL (j-add 300000 (jC- (JL V La idldj 4 jadli 




II I 

o— c— N— CH 3 
Cartoaryl 
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VW jM [UiJl Jjui ,j JLJ 

3Qo' (300) | I <00 (100) I 



0)?0 



ajsj I 

400 (400) | 




flail jA jla jltSj It) jla jUiA ,jjjiaj » jJAa ^ulil . ^ flail jjLaa :5.1 JHiil 

4jjI« 4jj£ j| 10 4 m 3 (^jluu 4_aja sJAj .A^lj jla jla 10 000 AjJ-hnI ^J5UI 

‘1974 flc J& Jj*j jSji^l t> £jj Js (> (jSjSfl AjJJxil “Uuiil .(10 7 kgjaj (ij luu 

• 2025 JJ-lSj <jA ( jJaajSil £aj) Ajiliilj 



Centre for Science and Environment, The State of India's : jAuaail 
Environment: A Citizen's Report (India, 1978). 
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iilq aJ jVI S^IaII ja (JjaaaII ciiljUjaij jjj 

fJjL ijk li^ ja jl£j c(carbaryl) JjjIajI£11a ei jj*a!I c(carbamate) 

(J^LaaII (jA <£■ jA^>A dljLail L_1 ±a 1I (jl£j . (JLj£A ^ ^IjaII Jl^.i O^jVl 

(jja (jA^j jaill !■»* ■ ^ (jjaliajlj 4(jl^)aJI £.Ia11 L_J^jaJj t j (Jlaxj 1^-1 a A-uSaI! 

AaaaIoJAj AAjaIjja (JaI jC. Ldajl Aaj dijl£j . (jLol dll J)A£_^J ©Ac. (JlaxAj i (JjaaaII dbliA J Jjj 
(_£jLaIa!I dlAaJI lAA (JjjaI .^diajll (jaftj (J*^aaA ©AA*Aa 11 dlaliaVI ‘illj dla^t Aa^jaJj 
A ali&ll ©A^J jtxl (JpUajl jl L_1 ^)jaA (j;\ ^1 Aj| ^lUall (jjAa. (jA (j£l 4 Ac. jj (jA IAaj3 

AaC.j 1 a 0 a1^J aIa AC. ' Jl Idja. cillj Aj*jj . dlALaJI dilj jll dll j.dll J AaaaaII L_ial jxll j 
.AjjUaJ^I AC-ldall dt*^ -jiaJLJ (Jd (jA C ^C Id-all jA^U 

Jc. Vj Ig-liC-llA jJaJ V AxaaL dlli (_£ j±\ Aid dlljl jJadal <aj j 

jdxj 6 ^jaS . Is-jja (JaI l^jal JC. (jl ^-IxJ V I^A (j£l .Jaia M* Jl jl JajAjAAll (_£Aa1I 

I JAj£ I jAj-<aA JLaII jJI J Aaa 3A]I dll jlc. ^£1 JA (jC. ^J-^l (_ £jl jaJI -Ji'l r^yi A nKJ 

Vintill c_ial jjlII dv\ u^il IaJ .(jjjjulxll j (jAldl (jjall J j^jVl Jo SUJ Jo cSliU 

(JjJujaa (jl (j^AJ tlj^AA dllj jl£ jj cI^Ia (joldll (jli 6A*alj <4iSjk jl jaJI ^jul yi-x-^n 

.IgA j£j ©Aa (jC. (JSj V 6do 

(jA (j£J lHa JXA Jc> AaAXJ 4 AaAaII AJaA^aII Aj^IaII (JaC-UaII f l ^quJ (jA^J 

.6^)J^)AjuJI djljlAAj CJA^Jjll 

SLoaJI JIa^aLi AjjaIaII Aj£aa3I (J^LuIaII (_£^}^j (jA^. <! ^^l (jl (j^AA JUft A-d 
^jial^)C.^U AjjaII djAxdj ^■^Ia^AjjjV v^ill L_fl^)j^ll oIaa A *s H » a (jal^)A j)C- A^jIaII 
AjjaII l^dijjA diA^ (jA odiflA L-ijl^a. ^glc. (_g jlnnj 1^ AjuLuj A-iIaC- D^a .Aac.Ij^ 1I 
(jA ^iall A_2kjl JL^.1 (j£l .Aa^aIaIIj AAjujAA^II djlA^XAll j)A A_Llda ^J^ILqj AjjdaC- SjLaA 
^gi D^^^JA A-aLuJ (jj^A (jl (j^AJ J)a£I JAJ AaAXA jl^A (J-aAAA ^ C**ll Jill (jl jA ^.|^)a.yi I^A 
(jA ^LuaVI jaaa ^1 jA-aLixll A^i jA ^ jaaaIUI j .AajIaxII aLaLJI 1 ^ Vj sIa^JI 
IaI 4^jall (jA (JI^a (jAjJa ^ fJ AAjl£U A jar j i3*i ja^Ija AjjaII ^^a -^.JA .Aa^UII o^A 

i^jjlall ^jill IaA (j-a AjjI£ IjjoiI jdau 4^1 tAjC-l u^ill AjjI£ 1I oAA A_L-aal dua j Aaj 

Paul Shrivastava, Bhopal: Anatomy of a Crisis, Ballinger Series in Business in a 
Global Environment (Cambridge, MA: Ballinger Pub. Co., 1987). 
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J£jjj Jc. 4 <ah» ai (jlj -jjLx.Jj . 0.8|Jgg 1 (_£jLuu3 4juLuJI A aj^II 

L_i^)A-a]l oLa^ IaI .4jjjI3 Jlx-aL-a3l ^ laJ (jjjiLa <_£ jdaj C- ^JJC- ^j,lu ^jjil^. 

4_i2 ^ jjaJI^U £jLjJI j tA-iunl-yiA JJC« J L_li^jj]| dJjIxUa o jLa ^^£.3 

AiLjal jli til .AjjjII ^ill til! 3 (j-o 6 ^>a aIa *" ^£1 aj] <_£l <80|igg 1 jLoij 

AiLja^l oLa^JI Aj!aui <*K iL $. ^dj Jl <_£ Jjj AjjjII J] oLa^JI 

(SIaaJ! J ^jjaJI£ 1I 4» n«*ii ^LaIaVIj .AjjoII J Jlgill DJJ^JP dlai IgiV 4 aIa <ULaa 
l_l^j c l^lkl .Ljajl iSjJJ Jk ^ a L ^jj^ 9 H AdJalaJlj 4_LaJJ^_)A QjSj (jl (J '**'*• ^ (j-° <jllj 

IgJ £jJadj L_fljja) jll Ajj'jaj^II j AjdajVl Ajj'jaj^II tlLylc-liollj ^IajaVI 

jj^aiaJ! JiJ q±} a\A s\aW CLj$ ^dil! clinic. lisll d3a (jAjJaJJ J . Ldaj! i al . >>^\i ^ jJaJI^I! 
l^JJJJJj 4^1 a31j (SX^S^l iLli]l £Ja*»II illjlj J Aill^A3l 5_ijjJaC.!>Ulj Ajjdaxll 

l^j^^lgdoil j ^Ajlx-all Sjjll J Jal Jc- <_£^)^.VI jl JOaVI dll^j^LuiJ jl dllj jJ^I J-AaJ 

.(6.1 lMI) S^u^ll jl Ajjj^aII t,“il k>i3Ma'1 A tiuil jJ LijJ^ 
jl-llaj tljjlJj JcliS (_]£ ^ Jc. t- al ^ Jig \W jjx-aaI! AaIxJj 

jj*j J <1j1j1a] 1 ^nill ^j£aj ^jj! Jail J dll jjjdjail! J SjjjJjjj (J& _jjjIj 

.I^j jjljjll 




Al^j j 4Ja Jdua jI^Ia Actual Jxj 4jjl1! J AjjlaJ! Adda-dil ^jjAjIdl! dMc-Uj : 6.1 J^-u^l 

.^yA-uail ufl ij^ail SIaAi ljUj£a 
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(Fermi questions) 



( jA AAIajI 



Fermi ^JIuAj ^.ax^j Lo ujl'jSil j^aa (_pa*j ^ * — a y~~ 

5_ja JjLaiJI j SJloVl diULaa. r_f. ■ ' 5JioiVl o^a jj .questions 

^j^aA^aifkJ.11 oAjAjoij IaIaJ <2^)*a dAjLiJ jl CIiIa Jjla Jl Sjlc. j'Li^J Jill (J jx^ralSI CjLAj 

(J-astlluijj t5JLaX. 4 j-<3L-a 9 ^Jc. (_£^aj ^ISI jSI Jo 4 luA dll^)J^Sj j 

4jLaJ " <aj (jJ .3 JJxa Ajjj Jj jjLaL ^ J^)^A1 (Jadll J L . 1> ^T k J] djLaJxA 

(j^^jaiSI (jAi Jl La ^JjJa jj] LajIj Ajjj^jjJa I \a j c^^aJ aAIuiV " 
o jLuc-Lj . Jj£]| lAA J JjSM ^gAji (JIjjoi Jj Lu3j .A'yyy nt J-ml j l-jLol^JL ^ JL\ 
.Ja£3 3JUI oAa a! U y^. ^ jjaj cVLLa 



J'>- 

^l^jjl ic.lx*i $.IjjI J ^j£-oj .ijs Jl J«i1a jA La 

?4j1^a'1 AjJI <J tilSi ^jjjIj jA Iaj ?<LJIaaaSI 1£j^)aI (J.1a (Ja 4 Ja ^gi n Jl 

?LiLJI J ^aJI (j*ij IJ <JJ-1 a J (Jx^aaj jll tilSj £a <1UI a^A AjLujj <_£.1a jA Laj 

(JA .<AJOlj ^g_j I jJa tg "A^hi JJlC- jj J cAjJ^aII (JjjiXA " JJ J jLd^Lj V jl | • 

ja I Jj t (jj«lC.lajAj j)j n*iA jl 1 jl» I JJL jl %40 1 j^AJ 4 J^l I^A 

. J^jjVI ic-Lui ^UjI CjIjUa 1 jj JL jl ^^aSI jjc. 

A£.Lui pUjI dj|jLu*j (JjJjSj ^jjqnAll %60 SI <. (jl (j£aj • 

• 1 (J^aljc-V jl (JjjjIAaSI Jl Jlilal (Jij jl (JaxSI Jl L-jIaMS 6^L^.JjVI 



jj^ a! jl£ (Enrico Fermi) ^ ji jSjjjI JlLuVI jLjjall J 4-^1 ^ j| 4&J Ikb 4 
JjLdll J Jjp&ilj iA-alstll AjjoiLoiVl Jc. Adsu .^11 Ajjlaj JJjJaJ J 

.U j?JI Jo J V ^LaII ci^ j ^LuaVI J Jj cliUa .1 Ai JU 
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CjLJIj CjliaLa Cllajlall 4-0J (jjSj (jl (j^aJ 4jl lilll Jl t. 

J J£il dUVl Aic. jjSj 111 .5 j]I 100000 iSj^i J (ji 3 jjaj ji.1 

4-jjc. uj^“ 0.1+e jW 1 uj^® 0.6 = 0.5 x 0.6 x 2 ^jIjjoJI 

i^l _j]| el-^lVI ^-2 SjUjJI ' j » lnl ^_ill AiLuioll (laSl^oll (j£] t (J ji*_a]l jiliillj • 

l.gjt.lnl Jill 4-jKll liLoiall (_5 jLluJ III . Ijla JjS 15 (jjj (jl (j^-aJ 

. jla jls£ (jjjla 10.5 = 15 X 0.7 UjIjUjoJI 

10 (_Jjl-uiJ °' J| + ' (! **' ^ .’ <-lll ^ U,.ijll J j3_jll liljLgluil (jl (jjaljlsljj • 

J tjlll 1 100 000 J j3 jl] J^ll iiijlg.lj.jV I (j j5L ijjjl JS1 jla ji£ 

•J^ UJ^- 

^ djl jLiuJI (j-^a o j-iaLLall CjI jUJI j 

. (Jx^aiSI ^k jj j ^d\W \ tilSi + L_a jjoij t aIJI $.1 ^Jl a j 

( 3 fu> L*a !j^ JSI Ac.jJaLJI CjliLoi-all j a£jVia'I CjIjLuJI ^jU tUajjal ^ LJ 

t(JliLa3l (Jjxuj ^lc- a^j±& dj^ J* A-gj ^j| c^lli Jj L-iLjaJ . dlV^JI ^ 

(j-«j .LojL!ii£ ^-^c. S^jaISSI 

lg-l£j CjI£j«\a\1 j CjIjLuJI ^UaII A an ill JJjjJ jl 

.Aj S alaa^ll ClLV j 5I ^ Igll jJaJ jjc. LLjal c-LaJl ^JajtA ^ <• 



(In summary) 






. ^jk ^ j 1 fl A J o^J^I f- lj A J^ ^gic. S^La CliLu^i 

L_fljjojj (^AjouUI A1d^ A-uijLillj (AjjUII AlnllJ ^LaIIj Ja-iakA.!! ciill 

.i_jjjjl]| |j^j Cillull cillj ^a (Jalxlj 
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^ ^LgjAVI bJ fljjoi UjU cAjjx* Ajiu ^.jx>al A_uil jj j^j 

IaIajojaU (J-gI ^*JI j! (j>»» * ^^jj^Jall j* cJ*^j ^a^LuiVI 

Ajt-ulall jc. A xk^kl ill dlU^lajJaVI J 4 A-JjLlgj£3! CjI jj^joiII j 6L_l}£jaJI *(7.1 (J^ (3fu> 

A^llLJI £JjJal A-uiljJ l Aj^i-aSI A^J^iall (j! ^ . Aj^Jjoq]I AlajauVI jC- jl 

!yl^,|jj A-aj jl LajIj IjjAj ^ jl L m ^ J Ajl Vj 6(j^*JI l.g,x>axj jc. (Jjst-aJ Lpl jil 
UL-ajj U3 A_iaAI jj£I jA Loj . lg >>um 'g >>» il I jLuc.1 j Ig ni L<u3 UojI jjj 
Uj| (JjlgJI ^^^J-all I^A ja-jj j£ii j jl lliic. Ajl jA c^jjajVI oAA ^^alS j-Q 

.0^.1 j A-alc AliJ lan*^ tiljLujjj 



1.1^3 

itjjj 



ft 



<&! 

fc 



^jii cjbljji 
uliijitltj djfti 



jljJai jliuS 

ylw yjjj 

4iiu 




<LLu]| jUfr £jj2 4^JJJ .4 _uuLJ1 AJjjj “LuIaSI j jaJI ^ J^aaj <^111 AjjJlull JjfrlLiSlj 

ljUjjjjj i XjJsjj ajLJa (jj£j J (jIaj JaI jC- ,j^ AaJI l.rioiVi jj£I jaj Lj -lc- 

.“UaJI LjUilll! ^ JjjIj*JI lilL jjjb Ajij^ jaJ jl . l^J 
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£ c- 



JjVI .>11 



jz. 

(The Earth Atmosphere) 



(jc- ^_aj La -lie- 

Jc. ^ c _^u j 

u'jj- 2 > *cr^“ (-£j 
lAag.S (jc. (JjiajUI L_!jjC. Jjll 33 

j 

Whitehead (1926) 



• 1947j 1861 ^Ic. jjj <jSle. ^Uajjj ( J 
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o*ji l j* 

(The Earth Atmosphere) 



AJ IjauLaH £j-ual ja !) 

<LLlxa j A-taiuJaj jp ! ^ (_£ c_£>Ul1I 
A-Ixjj-ojoJI JjC-li-o • 

( j Jdll J j jail • 



diljLuc .1 : ciiLLai^. • 

J ~j^j Ajjj-Ja 4 jjLlgj£ I dLylc-lij • 



‘LuiiHj ja. 1.2 

(The earth atmosphere- the air we breath) 

. lil jii y*. ijjjtajill Aiuiajill 4x. l_i£Ij£ ^>3l 4-ijllaC. ^3 ,1k jj V 

JJ l^-ilc. OJ 1^^ J-Q Cul£ CjI jlxJI £_iA^. £CJ J (> jVi J $ > jii 

(j-oj di&llajl (j-a CjLuiJ ^jVl 1^*3 

I^A 4_jj£j cillj -j-o (j£ C_L-£3JJJ . lg_iiJ l_xu3 ^j]| ClL^lc-lidl! 

Ig <ahar <al Ajj£-a 1.1^. Ai-baC. ^k ^.jJj .<C.jj 

• IgjjSj jja. jLo: l$Jj £ jj JjliSI VI JJ*JJ (Jj i^jjlg-llj 
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Aqili'l .IgJ Joiaj CjI jliil Aaj3^) AaJa jA (j^ajjVl J^J 

^gic. JIjJjj V La l Aj^joqII 4 UaV^I ^Jrax^ 4_i3 ^a !1 (jl ^Axi 1 -* j^»- 

Ji-G (.“ \\ & QXkjJzL.U ^Ull C6Jj^)a]| J^\ I^A C-LfAj£j jA»3 <•■ J] %0.3 

^jll CjI JjJJjoJI jLaC-.ll jjilll j^ij£lt «llul£l ^gjlj j (djjJ! ^Ijj jl jj^juo^Vl 

.(_^J^L^\ AJjoIAjoAI Ac. J-CL2»_a]I b_l£l f.\ ^2kl j-Q a jl-OJ fcSLiaJl ^l^jl l*Jc ^jSj 

.c_fllaJI jaJI ^ Sj3 j Cil jlc AxjjI Ajurtill jjltLall 1.2 (J ji^JI 

( ^kyi <ja <— ijilb jail 4_u.uj jll ejlijCil 1.2 JjJaII 



£ j»li Sjjiil -Uuuil 


uj^I 


78.08 


U&-J J“ 


20.95 


jo^ 


0.93 


jjc.jl 


0.0378 


u*l£ii (jjla 



.<— ila. j^JI jl (jil jpab (lia.V i— a jiua ^ILu^a ^ i mixing ratio r jail >■ . u - j l ) jo£l jail i. !■»'/ ^ 

• %3.5j 0.5 (> L$ UW jaii« ojaSja jSl <jaJl Cif oaJJJ j'_A“ jaati. sUil Jjiu 

Ijjjijj AHjIj 4 n.mjil dll jlill (2.3 ojsiil jliijl t j^ljj) ^ j» 1 '■ ■«*« ^-Lia 

dlljliil diLaju'^.l <£jaJI -UiUall (jl jA Cllfill IjlA L-lOjai j . laa jii lji« jlaS 80 ^liiijl 
I jiajj .(jia jVl ^tluai ^jll IgiajaA ^gll J (jl (j£au Pallia (JjS j Ajjljai 

-to] jail a '"XII Ja^ajla t—lLata. jS-aa 4jli t<jjlj A-Uaaj jil dllj j£-4l ^ jai <_ljaij (jl 

.j?il M a (Average Molar Mass) 



jjiu.jjjjill j fljfli (Average Molar Mass) AJjall 5Hiil Ja^jia 1.2 Jliil 

M a = M N2 x / N2 + AT o 2 x/o 2 + AT ^ x/^ + M C02 x/ C02 ( 1 .2) 
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jlaJI cs^" - u Ajjjaiill oja^jllj <2 ja3I L»a f j M 

: cs lc. J t ^i-> i i_sLaJI l>* Ij^ 0 80 ^lijjl diaj 

M a = 28.0 lg mol' 1 x 0.7808 + 32.00 g mol 1 x 0.2095 
+39.95 g mor 1 x 0.0093 + 44.01 g mol -1 x 0.00036 
= 28.96 g mol 1 

£#*■. <_ s j 1I lillj <jj jfi i <li£JI ^jl ' '*+' °j VI 1 . j 

.3LBl«i. j£]j 



^jlc. 4 nn/ijll jj£l jj I^jj Oj!Lo _jL£ 80 ^liijjVI (jj2 

t cJ4^. jjlJl ^Jljj A_ij AjjLlgj£]I CjI L t Ja j"vLa 

^ la^.V djl tilij (jlA Vi c_ijjuj A^,j 

.J— ill 

^ tsJ5 jftl UlJall dJ jlxll 0^0X4 uj£ ,J5 oj£j V 4A^ jB l&Lkj 

cilL aIIj|J djI^j^Jjai Jjj AaJj^-a L-jlijjjl Jl fcillj J^XJj 4(_paj)Vl ^Jajai (j-o 

. Lp j-ac. j Laal 4 qKa ^ J^LLIq ^_i J^xj dal jlxll 

Djl^)^ll ^)4XJ DLajI I^Ldc.1 ^LuoSl AxJ^)l Al jg ml 

• 1.2 (J^> m'l ^LuiflVl tdlj ^JjJajJ «^J • (>5 lC'VI Jj (JimVl (j-a JjXA^all 

A^.jJ 14 IdlSLaj Lii-aj A^p Jajoj jlLo ^jLojJ dlia. ^ (j-a pljjjli 

— 60 <_£ jLujj A-<u3 Li^jjd jaJI Sjl^)^. A^.jJ c^^jaK 287) IjjjSj A-Jjl^ 

L-lijaJI (j-a $. jaJl IjlA . Ijl-a 15 (_£ jLuiJ Ale. Aj^Ia A^^p 

.^^jLai^Jjjall) Ajjj^ll AladlVl yhx ^)jau]l (jXaxJ dua>. ^Jaxu (j-G 
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.Ijio jl^ 15 (^ja. 0 ■ (troposphere) jjiuijjjjjil • 
.^Uj jVI Si±j 

o JjaJI jIjJj .IjLo jLS 50 15 : (stratosphere) • 

.^lij jVt Sjbj <*-« 

s J jaJI V jj .1 jio jL£ 85 (jto. 50 : (mesosphere) j JyjJ' • 

e^bj £a 

5j 3. jj £& jj . JL« jLS 500 85 : (thermosphere) lsJ j=>J 1 ^ jaJI • 




(oils) SjW' 



(JlSuli) hiiH" 

(Jjiba&lj laLui t lj 4 jl jaJI 4tojJ (III jJu £ j > (jaJI) lSJ^' ublill (jtalia :1.2 
Jiajj tajljaJI 4tojJ jaluiaII laaJI Jxu . Jjl^jll P L*-IV' iL&ij Au in ijll 4 jjU aaSlt 

. la^ll 
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(J-aaJlj (Jx-aaA <_£aJI AjAajJI jAj 4 J^ 9 xujJjJ^ 3 l L$J^-l 

^lixjjjjl jOuJI £-a ^liuj jJjjjU l±Uil AjAaJI (JLoJ j .AaI^II aJj£ (jj<* Ijj^)2j %85 <^ic- 

0 J jAl A*2l *A Ijuj yjjJI ^Uj jVI (tropopause) jjjjjjJ; ^s-a-A' j 

SaL}^} <_£Ajj Clu^, jAuijjt jiuJlj Allajudl lAA Jjjfl J * (JjjIS^xjVIj 

1 j!La 50 (_£ jlxUJ ^Ujjl AiC- ljj^)5j AJjIa A^._jA — 2 i _g^2k. 6^)1 A^.^)A aIjAJ)I J| 

I^A A_^.^)A ^jjJu (J^xu ^ajoiJj . jjl jJxJI AJalo ^)jixMjj| jJxjJI AjlgA (JIaJj 

aIjaJ f.\ Ailj£ (j^aliiAl j A^jA aLaJ J] !^)iajj ^l£*jlj 

AJC.j .Lnxij 1 ^)£ajuxq jjLoi jj! jpjuill ^SLU j (lllXjJa (J-aaJlj ^ H^iJ 4^lflJ^)VI 

A^.^jA ^j-aaUjj j A^^)A ^jlj ^jjjI£juI (Jx«a^J 4 jjiui jjl jjxJI AjI^A 

^li£ 85 (_£jIjoij Aic. aj^Ia a^ja — 90 ^ u^iM ^lijjVI aLaJ 

cABa Jjjfl aIjA^VIj o^)l^)^JI Aa^jA Iajj j . jAxojjj^l AjlgA ^UjjVI lAA (JaaJ j tljo-d 

J^J! . Jj-a _^li^ 500 (_£jLujJ ^lijjl Aic. AjjIa A^.jA 1200 ^j (JuVil 

. Ia^JJC-j oAA (_£ A_£>liJl 1.2 

aLIaII f.\ y^i\ ^ Aj^jxtlijA j-ojaII CjU.ja Aj-saij Ujl ^gJJ oLujVl <. . v>j 

I Ala . J^\\ CjUjJ^J AjSj^JI AiUall (jc. jjjxj ^ tillj ojljaJI CjL^jAj tSilf&ll 
4 0 A_^.jA (JjjLjSJ aJI*JI CjIc.UjjVI Aic. SjljaJI A^.jA ^jxLiLa ILoA^Iui! 

^ (aaLLJI aJUJI) CjUaL^II a ac. <# 1200 °C <> I ^ Jj jUl 

• (j-a Ajj^JI c_a jjiJI lAa. I^ixx-a j£j c_fljjo) ^jjjLjLoj ^lill CIjIIjJ)^. 

(Atmospheric pressure) ^ jaJ! iaiAAl 



: 2.2 <£)lxll jjjAt Jjaj tj^j)l\ ^AA <iKll 

M^z 



p° = 



4nr 2 



(2.2) 



4 (JI£jo:Ij 101325 (_ JjLotlj (^pAI ^iuoi iic. jA .P 

SJliiill ^jc ^^jLoull ^a g j t^l^c. jL^lU b^SLsj a]j£ ^a -^ atm j 

oA^^j-o a]j£ «Jax<a (jV dulj ^)IaL<JI IaAjJ 9. 81 HIS ^ ^ jLujjj V^jVi 
• 6 . 37 X 10 6 m (_ 5 jLuiJj (jiajVl jla 2 L i x- o'l jA r J t(jjiajVl (j-o L_lja]lj 
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2 K\ \ a J 5 Ui ; ,J Si_c.li 

. jjSio jaj ^jlc. oi* (J^stiuij i_ij^i . M atm 5.27 xlO 18 kg 



? jVI lyya Cjjl ^gjll aijiJI ^ si jjJJ 4 jK1I <1j£ 1I jl^Li La 



liajjjj IjJtiI jjijj J- jC- ^_-i.C- j 

:2_Jtllt 4&UJI iiaj 

P h=P ° e -M>xh/RT ( 3 . 2 ) 

Aid JA P° j . Jl.Vlj jjiall h Ha JIUjIIj ij^La jA P ft 

£_£jLuJj ^UjJa jVl (jc. ^ jLaiil jA gj 1 101325 Pa iSj^iJ ^iaxu 

jaJI ^>1 aJ^J! ttOI ^A j <9.8 lms 2 

T j 4 8.314.Imor 1 K ^jL-yj jUJI duli ja i? j 4 0.0290kgmor 1 csjUaj J 

^liijjVI j!a |jj (jllKLaJ-a jtLajii gjjj Aj| Jaa.V .K (jaKllj oj^ia ojljaJI A^.j.2 ^jA 

• g mol 1 j a2 j-JI ajj£!l dijiij jio jIAILj 

CjI jj*j (Jj-aai 4(_>uVl (ji _>aii£l! jalia ^ ojl jcJI Ai. j.1 jj^ia I .^lajj 

. 1 .2 \ J *l\ J J 



: U1 \ A £j j| ^Jj ^ j^Loll Ujl^ (j* (_£ ^ L-fl'vlxJI (a-Ju£J 1 .2 Ajd *tj ]jl\ Aioliil 

JUJU (JjjLujI Jc. tillij 6(_£jl*JI _£aJlj 

AHjIj ^IjUlS Aj±uu31 ^jjjILaSI -^1-SJjVI .iLpjt S^l^^ll 4 a, jJ 

jIjLaJI (JflJ jLpjt £-g *^»11 (jialiajl L-UjoiJj I Ij4-a 80 SI 

. jte (J^S cii^l 
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jaiJ l_u£ ,jj 1 I jjjLj 2.2 

(Solar influence on the chemical composition of the atmosphere) 

QA Jjiall QA ^ ^jLuuSil L-LlSjjll 

100 ^laijjV! :e5LiJI AaLli La <eoj 4^21*11 Cjlc-liijjVI .lie. .(j^a jVl <L.jaJIj 

jj^JJ (jl 11 a .0.025 Pa _pj Ja»j4jajl ^jLaj t^iL2l jla jl£ 

(JA jLuU ‘LLLy^M (_}jjLia.Vl £-}*y (^>^.'1 ^g3 .lie.) 

4 iLa. 4 aLi'^l sLa 3 J] 1 J L ' q .(_j^ajS/l ^L..„ Mr- IaJjSjj \a q J)Ak jjjAall 

Alal£j ^IstaiVI i— Ijla Jj dllii^aJlj tilt (_paj*ju 4 A_l^. jLkJl i_a5lill 

Mi 4 (JUlall (JjAui j .SJUall “Lille- 4 juoi 1 oiAj ...a.i'l Jjjj 4juuiVl (j * ■ 

:^Lill£ ji« jjlj 100 L^J jL a^.j ^ j ijjjLall <aUall 



jla jjU 100 l^ljla 4 -A._$a> Lit a ^IsuiVI AiUa 2.2 Jllall 

: j jl ^.1 jjjjjj]! 2 JUa ^ L,". 

he 6.6xl0“ 34 Jsx3.0xl0 8 ms -1 



£ — — 

X 100xl0~ 9 m 

= 2.0xl0“ 18 J per photon 



(4.2) 



: diljjjjill qa (Jj-oll AiUa q j£j (j-aj 

E = 2.0xl0“ 18 x6.0xl0 23 = 1200 kJ mol” 1 

JIa jj\_j 100 sa J_jla ^ jLou ^LtjLL/L 5 jjjLo!l 4 iiUa]l 4 ijjl 

. 1200kJ mol -1 l 5 jLou 
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.XVI Jjajjjill ^jljj i- s (i‘\a~' (JjUall liA j/i ^^lill Ajllxll dllsUall £jlaiuij 

jail gi £jJj jUaj tJ ic. lift iLafcii ji ^1 



N 2 + hv(k ~ 126nm) ■—* 2N AH ° = 945 kJ mol 1 (5.2) 

0 2 +hv(l~ 240 nm) — » 20 AH ° = 498 kJ mol* 1 (6.2) 

Idjuaij Jjlljj jjlSlall jjjli (^a idftqill A_/i j^Lil aSUJI jl ^jJaljll (ja 

<— >1 jlll guaxj ,Jsmj ■ X <240 nm j X.<1 26 nm jliiiaj Ajlaj^ Vjla UjouLui^jj^S 

julial Ljaj! jjjSjjj ijlalVI ^l jaVI lg.jJ-aa>.j Jj*jj t(jjlll Ig.Kalj jc. AAaljll 

-sip jl Cillijall Jl diljill Ajjjii jIjjjj .(jji*ll jail J NO SI Jjjs jx (jjal 

Ijjl l.i^i J . XV I dlljl j^ J I jia jLi^ 120 (JjIj-uj ^"liiijl -lie. q t^lajjVI 

j£S t jjajjjjll jx jjj£ sja '■'■■^jl . jjaxu^V I Jlii Cillija jj£jjl SjjjSj 

eS jlc. (ja I JJd£ jl Jl I jlaij .kill ji Alla, J t j jauS Sfl jl^Li jc. JSj jl-iLu 
A7 gjiujll AjIjaSI aJjSJI jli iAjjl Alla ^J jjfLi jjajjliillj jjajoi^Vl 

. Jjiui Jj J Jj]| J oJjajAll 28.96 gmol 1 Aaiill jx jia-al 

dlUjJja]! jx J£ jjjli 1 . >» 1 Ajni<ii*'l AallaSI ^iLaiaii ilajl j j]l j..;^ Jl AiljJalj 
jalli jAauj j^all jj j3 oJjajdl Ailalall ^ a . nl 111 .(8.2 j 7.2 jl^ltllill) dlljlll j 

ionosphere jltidl 

N 2 +hv(k ~ 80nm) — > N 2 +e“ AH ° = 1500 kJ mol -1 (7.2) 

0 + /zv(X~91nm)^0 + +e^ AH 0 = 1310 kJ mol -1 (8.2) 

AilUl Vaj (standard enthalpy) lsjIj= 4I <_sjia-dl ULa*U ui Jia V 
jjlb jSf 11 a j t j jail ^jlill jjkll Ciix.lii (free energy) s jail 

j^aJj . jail Aallall ClljjUij jjjIj JaO (Jal jjl jail J j~‘la.al' ^-3 laijJallj Sjljall AajJ 
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(jc- l .\)» ) j dllaUa C yA IxJajl (_g jp^k a!1 

. 4 ^\ < 1 \ i 4 a 4 <* 1 i 

Jalidll dl'vlc.lij c^jjllll Jxxa^Jj AjjUall {.** ^ J^laliA (S^J 

L ^ $ J jaJ] 5-^Ull (endothermic electron capture) ^£*11 jjj&tyl 

A-Jlxll AjfLbalip dA^jJ l_Uxu jA 11 a j . Aj£^)^. AiUa yy^JLi J tLjajI 
<aj (Jjiflj <^3 $laJI £a (j£l tjjiajfyl ^Jaxjj y^ 

y^'a-^W |i]j ; l^x^aLx-aXol yy^J AiUa (Jsl ^LlxuJ y* o y.\x, xsa (flux) 

.ClUjjVl j SJjildl Clljill <Jxuj j 

(JA 6.1}.^ gd^lj ^^-ulAJuJI ^laLjaiV! 6 ^Ljj j^IaII 

Jc. j^sjoj jjI jiLaJI ^k JUI ji ^( 0 3 ) QjjjSn J *^/Ajaj ^'1 

^Uli (JaajoAI <stxul y*Sk\.xs*\Xk\ ^jlc. jAj ^ J] 

11a j . 0 ^>i1uia]I (j-Q 4 -aj^UI cilij yC* 1 g*W U (Jaj 

( j 4 ^. Jltpjl Jj ^£>1 IgJjAa (3-*® ^lauaiU ^xaL-aJ-oVI 

• (_>a jVl c£jl*AI Jax*ijVl O^ 3 ^ J^® 

(j j>^ a jij <3® J) (Jaa^aII <xjfy (JjJjVl (jxaL-alal (J^J 

(Jc-lioll ^ 4 aVAI SjLujIj lA JJ 4 AJ L$y^ ^akJfrLft SJL^. (jjJ J^_£A 

0 3 + fcv(A, ~ 325 nm) -> 0* 2 + O* (9.2) 

y^kli jjl jjxJI ^k (jLoiVI jIx^j 

< 5 Uall (JL^-0 ^jajJj J j^,ja]I ^ ^jjuisTl Aij^la 

<*ij^A dll^.^p l£^)lj 1 jlarll *1 a\1 ^k UIaC. (JjJ)^ jfLl 'g 

. JL-Vl J] itiilL J V lilj tl^ji 

. JjixJJ jJ j Jjll < 4 x*lAjaJl CjlijJjill iS^ l.jJajl ^jaajuJI AjUail (J^h ^J-saJAJj 

AxujLJI Uja. i^yailAJ ^JajaU <XxuVI iillj ^iiLdl L_Lliali J 

CjIjIc- , 4 ^Uall <jJai^iA Ci^j Ajtxol (J^xo ^^Ac. o^)l Ax-aj j\ju t^Ldlj 
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LoA CjIjUJ! cilL Cli^j Ajuj^\ Jdiuj Jjjjjll ^ A nar a 

^Jajoi qa ‘ ** ^j^al.x^a!LaVl li& .IbuiSl ^jlj j £.IaJI 

Aju£^\ ^jL-aaj nun ^Lpjl £a (JjxIaII I^A Vnj 

\a\\ (jiajVI (jji-uiJ (JIaJ . IjJ^ajl A_A^aL<ill Cjljlxll jj£jj Q U-^ajj tgj^L-alA^U 

liA jj^4j ."greenhouse effect ^U.jll ciuA\ J jxsl*" U aLjUI tdlL 

j£\ CJJ jk^VI J V] io±Ji \ Jc* l*ij«J ^1 ftUaJI ^ L.U Suu 

(jC- -Ijj-all Jj L-Ajjujj .^>1x3 liA JjJu (jl ^juq]| l 

ilia J Clil£ _jl .(jjljJ ilia J iajaia (_>jul i _ya ji\ ja j! J] oLiiVI llaj 

• oLpJI ^C.lJ La l^ia la j Lalj i(_jjal ^jj_aUc. £-a laj! 13 (jjatu^Vl (JS (jl£l ‘Uj'i 5 

Vjl Jll CjISUJI Cali ol jjjaJ <> J& aiLL j <£$) jll Ja 

ilE^lgioil jj-a Cjljliill (j^aJ (_gi]l JjjJall (_Jj£j^ll l$iaj iijLi Clil£ La] oLJ] lg-aC.1 
.(jAajoiSVl ^Lijlj (j_jjj£3l lijaiSI jLi 

■* L» . .] jj Jjjiall j| l jj ^.1 . ^ *V I JJ ^jnaia'I Jj-a oJjl J iiil]a]l £-JaaJj 
(JaI_j*JI olA <_£l jJj .iiilj dL^aall JJ jVl (jt (_)jl£ajVI jt tiljL-aj£ CllLlc.lij 

.jJJSJ (jjl jj ilia. J (_pajVl iSUa CllliLlc. elLJ Jl isLaia-a 

(The troposphere) joi^jj jjall 

^_3 ' .T.al ' ^ ^ j2j ^^jll j i ^ua jL ^ ja ellajS j-oij ^ill j^'l -L»» ^ (jl*jj 

(JaaJ tojljall iajJ dlljjaj t<ilala]l oLa ^jia . jjiaijjjjilL it_lll£]| ILa 

J\ ai^lUJI CjLiUSjVI lie Ail^s JiSij j 4g)iajSfl ^Jaxu ^jc- AiU^ (Jfll J lajl 

^Jaxu fill'll o^clIulq A£jaa c > intn 

olLa ^1 jli lil jl lalj ^.jj J^La. jjijai_jjjjj]| ollc. ^AJJJ (J^ 3 

L-nSjjll (JaaJ llA J ilia ^ j^i JJ ^jJaaj JJlui jJjjjII J iLjla el-a Jfi ‘SO^ - 
(JjlJI J iajJLall iimjijl djl jlill jaaa CllljliJI lillj (jaJaJjj . Luiilaaa JUI _jjl 
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tLul jl LjjLjJja <1 c.Ii1a3I Jjaj Jj^IjaII ^ AaI^-g CjldHi.1 <Laj <jl V] .1.2 

Jl !^)Iajj . Cllli^llLkV 1 dill] S.li2k 4_!1 a 1 jj^jAll <inda (jJd^l £-a $.La]I jLdi (JIaJj 

jad ^ J | Alik ^JIaJ (Jj c<Ljia SAa Sj£ Iuia V ijc-liilll Cdl jliJI dill <Ai\l 

. ^jaLoi^j j^lll jdlad-A 

dlld j£-a aLaIc.1 A Jc- 2.2 (J jdaJI aILaI <-aJj 

jaIuj jJj jaII $.1 jqI A nx a (jrfVi] >/t\ ^^ic- j-dall Jjd^JI JqLaj .^5ja31 ^^Ic. jaLjj^jjaII 
AjjIaII Jglil \*\\ j ll” \\ Uj-v JjjS 4 ^,jaLa3I ^IjaII dill Igd* i^Jzh jaII qa A Ac. 

.^LajoJI l AaJoIaj t A j^)I AaII j AaIA-aII *ia\ 1 j t<*-uj|jll 



(j^a jVt ^Ja-uj (jA 4 afi'v-atl ^LLIaII ^ (j/aiL/a^ 4J jt-La 2.2 JjdaJt 





jajAll 


‘^jO* 5 ** ^L» t>> CjUuui. 


CjIWJI 


(jJJ.. jJL j4=- t>) ^ jUc 


AjouLII 


J jt-su^i J S-l4“= ‘ j4=- ‘j^ J ) ^JjlAI t>a (Jlc- LSJ^“ 






o^jAd AjjI Aa (^LUa 

LdltoJI 


aAlAd Ajjoiajjj 4 ju 1\ tSjLJa Auxda 4 _jjjJoC. a! ja 4<dlc. Ajjiaj 


Aj 1 j| Aa (jLllo 

AjLj 


| jjLx 4^^q\l ^j-a Aila-o C~* l\ aJ*»> ^^ic. (^Ldl 


(/AH 





djlc-llljVI Ale- 4_u£jJ j <_£ jaJI C_£Isl 1I 6 jl^. <-^.jA dll JAXJ £JJJ 2.2 Ajdtfll jll AJailll 

^ J . dllc-lijjVI dill Ale. AJjoIAjoiII AjujjVI 4jjUa l& AAl2kJ ^1 dL^£.Ua3t AaV*^ a \1 
Aa^. Sdlc. L-£)IxJI (Jx_^J j^d ^^Ic. OjljaJI <L^.jd dlljAXJ <llA ^jjSj 4 JJfljoljJjJjll 

d^u^all (JjAa&VI (j-adA La *LmJj tLnjail IajIa ^jLiaj^II 4ja£ja (Jx-^jj 4^^-aII 
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jj*S\ f LaiS 3.2 

(Reactions and calculations in atmospheric chemistry) 

j jaJt LjbliJ! jj£jj CjLuL^ 

(Measure of atmospheric concentration) 

<3 ^ILa dlljliil (_)j:lLi] AjUAaI! (jj£j V 

(JaiMi in (Ja ojajS AjauJ Jloj dlljliJI f_ya^i LajW 

jj t (Jjl j AjL^a]! ^a]I £a (Ja. |IM aA La] isLL^. (j^] 4 ^jLI ^j_ll] Aj j 1 a]' 1 w ,n\l ^ 

4 U ajll <j! ^jJc. jjjl£jal AJlIc. L )Aijj 4 -Lip. . V (JjjLujI ^^Ic. D.}lc. lillj 

4jjoij" <LolxJl a jLixJI (JaxIIujJj . Ja jiuJall L-boU j) L_baull AJ j-all 

<_$ jL*ij 4 (JIja3I cJ^* 1 ^5^ *(1.2 

78.08 jl I^a .%78.08 J\ 0.7808 < — ^ 

^ i»j jAj . c-Lall g.1 nualj CIjIjUJ! 3j-° 100 (J^ (j-Q 

(101325 Pa ) JaijJall <_£jLaiJ Jaxx>! AiC- jjaiU JaiuJall <j! Ljajl 

: -^ cr 1 ^ 



0.7808x101 325Pa = 7.911xl0 4 Pa 

<ijUa J-ftxIlujJ 4 dllj djl^lxll L<uSj 

iAjjUlj j£\ Jill L_Luij .^^a 3I L . Ul1 * 1 (JP" .JJ***^ Ullc- 

(J-ftXJjoJJ cJliLall (JjJjoj ^ic- j JaiuJailj CjV^aII (jJ-uil AjSI^a CjIjLui^. 

.ppmv t" JjjL® (JA 4 . 4 A 2 k 2 k elj^. 1 " 6 jlixll jj£ J^ll (jc. JJAXill 

Li J cIjj^Sj 1 .7 ppm <— sl^JI jjiuijjjjoll ^ (jl’nall ^3^ ^ u*n 
o* ^>^1 1 J Jaa.V CiUjIa ^ J£ ^ oM u ^ 4 1.7pmol<AJ 

3^a1I ^c- ppm (j-o ^3^31 c- <■ ppmv 

jjS Jill Lal£« ppmv jjjL jja g-<^ «• jjLJI JjS J ill Jj£j 4 29 g mol '^jL^ 
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i_i 5 l*JI dlLoil jA ^ ojjkVl jjSjjll oAa, j (JLaxjjJ jaU]| j-a ”(j£j . 0.94 ppm CB .''i l s'l 

•LSj=J' 



CiIa^j ^ ^>^11 ollija.j d/i 4^=41 < 

. l gk <uLoJ diLuLi^llj dil jlill jj£l jj (jc- jjiul! Liilc. (JaalLai 

. (jj^uiSVl Jy£jJj -T j-a (_Jjoij ^jjj I J ■ ' 'vl_i ^2aj ^Jllill ■ 'I ■ "•>■ II rda jjj 



^ jaJI ufcUJI diljULSI JjSI jj (jc- jjwlll Alaatluba dlA^j Jjjaj 3.2 JH4I 

-kidaj 0°C (_5jljaii ojlja. “d*.jA -AJC.) (_£ Jj4l <— kSUtll ^ jj£jj jIaLu La 

jll JlaxjJj (latm Aa .1 J LSJ*. 

{ j*T\; l-a^j ■ 22.4L jliil Jj^l ^>*‘ ■ 1 1 iSj^i ‘101.3 kPa j 0 C ajc. 
cljgJI (ja Aa.lj]l Jjjlil iSj^i ‘%20.95 djgJI ■‘MO-a ^AjoU <_£jLjiJ (_£A]I jjauuiSVl 
: 0 2 — H QjSj a^ .(j^l %20.95 Wi. «Jj- 1/22.4 ^ 

( 0 . 0446 x 20 . 95%)/ 100 = 9.35 xl 0~ 3 molL 1 

o- aJjII Jj-B (jV ‘ 32 . 0 x 9 . 35 xl 0 -3 = 0 . 299 gL 1 yl£j Iaa ‘UKj 

•U jt 32.0 csjldi j j> ■■ 6 s il 



(J air’ll ill j •»■ I' idj ^g& ‘“lln^aJI AA*J J' dj|.A^_j]| ^j-a ^^kl ir.jny 4 dj 

dllaj 4 j>ll Laj 3 j . Ia^. Sjjii-a ^jSIjjj oA^Js jjJI Ajj^JI (_jalja.Vl jJaxll SaIc. 

Jl a»~l i ill (_Jjj^iAall (ja c4_1jL-i jl <ll^-a dlLiUaa. (J£ji ^-ic. (_g_jaJI l_a5Ut3l ^ 4a1*-o]I 

SAjjnj 4j]_jjs aJj£ (j a 4_aj (jaul lAA . jj£jj]l jjc. jjjxlill ~-n.-s.II 4 VX dll Ajnj 

.(jli.All jl jLill dLaua-^ (Jjj A (jji ^^jll 4 jailVi,tt'l ‘■“iLaim-^H 
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(Types of atmospheric reactions) £ljjl 

^ ^1 ^J1 4 4_JLill (J jj^alll L_fl^uj 

dlLajoJl dljjai tillij $aJI (Jjfij . JjiwJ jjl jlaJl j jjiuijJjjdll (_£^J1 ( — 

^Jc, 51 a*!1uia]| CjIjLu^JI ^\ jj| j a^Luu^II jjLui jjjjoII dL>lc.laj ^ a£j!Aa1I 

Jll_±A ^JjJajJ 4_ixJ SA.W a aJIa! <jai3lLa]| jjuj j . dl^Lc-lijl! ^_a£ 4. <>/ij (J£jui 

JjUS (j-a A-isufL CjIjjjjjoi I^-Iaj dL>lc.lij]| ^l^jl ^c. J^Lin 4-al& 4-alc. 

liix-a Ij^Ia (j-cjJaJJ Liajl dll J 4 jddj jjl^Jjaill (JjjjVI 

Ajj^, dU j^a £_a aJaIiIa dll jjjLj Jl AjjjouII 4JadjVI ga! jJ 



; (^Lai JjUaj i _ s ic. J 44 n unj dll jlc. d^lc-lijll ^jd*. J ^-adaJJj 

4_uiallA e-UjI ^ij .AjI^a ja AldJa jjaUa dlli UAtrwl dl^lc-lli ^j| 

(jl QJL^. ^ J .Ajlc-lij Aj^jlj dlU J)A L-ld ^idj 4 jdal jJ J^lll 4_Jj£j3 

(Jaj La I A& j 4^Lj_jJa ja*j V l$ia I jAiS ul^ J-4 J-« CjI jliil oi& 

luiUal (j^uJajG ClL^lc-lij ^-3 _yaj| pLixoS 4_uilj2l LjLlai .'iAiAiill Igjdc-lij ^ V- 

■ Aiuu 4 ni^l u sjji.Vl ^»^aj i_a j^j • jjSH 4.1 /i.J-i 

Aij^j^UjJ j.a jail uLLu^JI i jjl\ AjjaJi CjitC'liall 



(atmospheric reactions where thermodynamic calculations are 
appropriate) 



(_)xlia.Vl jj£l Jj dlVLaJI ajtj 4-aSLo 4jfLlalip dlljLuiaJI (jjSj 

(jjSll ijllall Jjjjj Jc. tlilftlsS 

(jljia.VI 4jjiallj 4 jr.l V. ^.'1 4 j3Jj]| ^-3 j ^(JjUlill (jljfia.VI frljjl 

dllj j t^ll... JjJI jc. ^Ull (lightning discharge) j-l jiiVl j ^'41 

^ (j^JJjjll jUjI 



N 2 (g) + 0 2 (g ) — > 2NO(g) 



(10.2) 
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(positive free energy) ^ Jj£4j aS IL Jclil! 11 a <> gis j 

. AjjliJl 5JLaJI (Jjj g -4 l ,n l^jLua. (jS-oJ 25 C ejl^aJI j J Aic. 



25° C .lie NO(g) _U 5 jaJI Jjijail AiUa 4.2 JliAl 
<10.2 det£» i> 

AG° n = 2AG f ° (NO) 

= 2x 86.55 kJ mol 1 
=+173.1kJ mol” 1 

,2-m <>14! <> AG f ° (NO)l«A 



, Uj«v J-V \\ CjUkjJl A\c. fil i (jA^jJA^ll AjiXl V Ii5 

-lie- La I^A j ^ jaxaj i ^✓Tn Jc-UjII 11a 

S ja£ >±c. ^ Jj S >u^ AG 0 AajS J) (i' J^VL jaLJI SaIIxSI 

* (JA^_$^AaS 1 ^j-Q 

JjljA^,! <j| (Jj-aJ <jl (j£-oJ 6(JLLa3l (JaAuj ^Ac. 

mil jAi u ^uj .LjSa (2773 K) 2500° CJ\ Jl^VI J±\i 

^jjjSlill <ul'il! “Lljl^aJ! Clljjla-4I <j^A" I CjliLuj l.ljj “La.j.2 ^JC. o^aJ! 

VAtfll fjill ikyij .(2 -m >141 jliil) 5°j A//° 4114! ^Jjl! ejbjlJlj 
(_5 jLuJ .ejl jaJ! 4a. j-lj jpfcj V AH ^ ^ <jt >a jJSJj ‘ (298 K) 25° C Ait 

.L_SJ^)*j]Ij jH! AjjaiUSlI ilLaJI <> /jj-*. l .AVI j jjjjll A 1 1 lojS 

2773 K le NO(g) oJ'j^' AiSj • j* 41 AiUlt 5.2 JH4I 
:*£*JL AG 2 ° 773 

AG ^ = Af/ f ° (NO) -r (25 ° 0 -5 ° 2 -5 q 2 ) 
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= 2 x 90.25 kJ mol 1 - 2773 K (2 x 02. 1 1 
-0. 192 - 0.205) kJ mol 1 K 1 



= 111.2 kJ mol 

/j jl jj]1 CjjU l. Ua-y; . 1 1 1.2 kJ lliol 1 Ajjl mail A.jUg.'lll 4„a; l ill aAA t>°J 



ln(*J = 



-A G t u 



RT 

-imMJmol-' = ^ g2 
p 8.3 14 J mol -1 K -1 x2773K 



^k 4 QJL* *. j jllll -lU-u^V JaxjJall Un^jj 

Ijjjljjll 5JLa. (jjaljjsL aAA ^ 

(Pyo/P°) 2 

K, ~(rJ p ')( F o,/P') 

P S-Jjjoilo ^k Jajar >>ill ^.ka 2 k jjl Ja^.V 

.101325 Pac/jL^ 



<jljja.VI f- Uj) (ji NO — SI £ 4a«u 6.2 Jlloll 

(jj jlill jjLlJ^aJI (jUaiuJail (jl£ j t4_jl jU.aVI ^jjajai^l ^ IgjS Jjjp^l 5JLa. (jiajASl 

a jlj^. 3 j*.ja Pq 2 =1.0kPa j P N ^ = 650kPa l$ji ( jjlaj».j j-j ,a l l 
l,ag.jS-«.j.>a (jji IASS a" 51c. Uj A3 0 0 J Nj (j - (jl (jjajjsl • 2500 C iSj UU 

• P NO = 2x kPa jlSj 4 x kPa Jalioil a*_> jjjj_>=UI 
IjjfL IfrLjaj (J ja. ^1 (_ijjla]| (jjuAa K p 5JaI*ji JLmIuAj 
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(2;c/101.2) 2 

((650-jc )/l01.3)((1.0 — jc ) /101.3) 



= 0.0080 



4x 2 



- = 0.0080 



(650-x )(1.0 -jc ) 

0 4 x <§c 650 kPa 

4x 2 



650(1.0- 



- = 0.0080 






4x 2 +5.2x -5.2 = 0 
* = 0.66 

: jl gjjj la-o x <SC 650 kPa <±Ja jj]| jl (ja 

P no = 2x =1.4kPa 

lejlaJI ** ‘il jU. „Vl .V.. A' ^ ja <iuij jj£jj 



1 .4 kPa - 5 - 650 kPa x 10 6 ppmv = 2200 ppmv 

4j»jl*JI AajlVla (jajJa (ji^jjjj]! .luoSI ^3 jL*_a CjjAa. ^.iC. (jaaljpiljj 

.(_£ji.Vl (jljia.'il gjl jj £-0 (_JjaJI l_s5lill (jia.jjojll J;Uji£I (_3\3-i~1J 

(jjJ ja C <aJ^3 CjljLlaa ^3 1 ai& ja j^ljj dlAj-aj 

ja ojliui jojlc. (ja Clsljl*jj5U 4 "it . nlj3 dmj 4(Jliall ^ \r_ . l^ja dllaUujVi ^ »SVdl 



Catalysts for the Control of Automotive Pollutants: A Symposium, sponsored by 
the Division of Industrial and Engineering Chemistry, and co-sponsored by the 
Board-Council Committee on Chemistry and Public Affairs [et al.] at the 167 th 
=Meeting of the American Chemical Society, Los Angeles, Calif., 2-4 April 1974, 
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1966 ^tc- ^ n^i 4 ^jLoijIj£ a£jjoi Va.lia.nt V8 duUlli Jl ^>!»JI 
Ajjoi^I ^ja 1200ppmv ^k S^)jA 2000 ^JjAj l^^^-aj C ]nx*ijLa 

50 _} <jis 2500 ppmv j t j^ l ^ u tjJ ± ^ j^jjnll 

^lc- ^ jl^j ^ jJ| £_ix-aj CjIjUJI ^h»<a jl ^JUall (jjuia. ^j-a . LjLkj UU-a^. 

1^-13 L_J jC'J* ^JJC- gpl Jp J C)£P jJ^I .llxuStl (Jjj^j (J^_ujj " * Ja^-a djV Aj-a" 

.£j|^)ll Jj^aall dll jjjjaJI oAA c.Luu£ ^jiiM Vi C—Ajjjj .SjLja ^)JC. CjI jlc. 

,jjlj3! Aj-ui£L <x«alaJI CliLLoi^JI ^k cAHa qa AajI J] l_jIaa 1I 4 \ jl -v ^ \ VX 
.^aIxJI A-a jhu J-a A*J Igiji^jj dll jlxll Aj^)JJ yja. dJj^jj Aj.wM tillij 

IajIc. i-^Kfrn A.UjAI JaLo La" jA A^^laj (_£aI! JljxjJlj 

(jjauul^Vlj JlSJI 



25° C SJjaJI 4c- (jjtjJl 4JU J NO -Jl J4J 7.2 <JISJ 
^ ja 4 nil'll ^ol*Jl j jiill ,n>«51 J 

j;£ jj Jl Lijj-a to j* 20000 j14aj JUI <-l_JI J t '«Vt 2000 ppmv c$jL4 
.(ppb: part per billion jUL * >.) lOOppbv J O.lOOppmv 

J]j£ ■ . il ■ ■'•>■ 5jjJa (JLa*JjoiU . 25 C iSj L4 1**^ ''ll 0 jl^a. 4a. jJ (jl (_jajj3l j 

■ IjuSV - 11 . 1 a. (j jl J4 jj^JJ Jc. t t ll m^tl 5.2 (JllJl J <LutluiJI 

:UA 4jJajjLall ejl^all 4a jl lie. (jlajjiill 

ln( g U - 173100 
v p1 8.314x298 

K p =4.73xl0~ 31 

:(_£^)al OJ-a K ojllC. (J air'l l hi J 

_ (Pho /P-f 
” { p J p '){ p oJ p ') 



edited by R.F. Gould; chairman James E. McEvoy, Advannces in chemistry Series — - 
(Wahington, DC: American Chemical Society, 1975). 
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(jt gpaljjalj . JlUj jLS 21 J 79 j (jljjaJI (jUai^all ggj LojJ 

J) (jJajll (> s 10.2 (Jc-lijll lllj.1*. (Jj-q (jaajUll jljlLi jA X 

:jLJI 

Tl ((0.0101 -2x)/101.3) 2 

4.73xl0~ 31 =- — - v 

((79+x)/101.3)((21+x)/101.3) 

:4£iL*JI s 1 a ( _ s -L*j ‘ 79 ;?> x ^ Cy*j ‘ 21 x j5 <_pal 

x =5xl0“ 3 

:|jl .J--4I gj P m =0.0101- -2x uVI UjJ .fjL. <>' JiaVI J u*J 
P NO =2.8xl0~ 14 kPa 

jjSjjll gjl ;r'vnj (j^aj 11 a 

0.1a. j a . 1 / 3 (jl Jpa-VI (j-a l_S jaiu AuX ^ (_£ja Jl 

(2.8xl0‘ 14 kPa/l01.3kPa)xl0 9 = 3xl0^ 7 ppbv 



4jMI *•■ I*a I ) (jja.jj4j3l ■Ij.a'sl t- . jL^olkU 

~ 2000 ppmv ^1*11 CjIjIc. • 

-lOOppbv fixll CjIjU. i-V)4aj .Ixj jaJI J • 

- 3xl0“ 7 ppbv jjl j3l! J] C)a JLiiiVI ±*-> j*A\ J • 

(jjAjjjill .VijujSI £yo 1.1a. ^LlljJa (jl Jl ^JjoiJ UjU <jl ^jJaljll ^j-a 

4jcl& i^SI Jl al^i La li& (jSl •<_£ lJlXxII J JuL 

J .JjIjjaVI JLal ^ l_i jal L .iajj 4.2 (J^JI J (JjjaJI Jj ~ 100 ppbv ) 

. qj! jail 411-^. (J ** ijm-viill 4iuiiJI ^jc- oja ^)LiLa ^ .IjJ 4jlxa.ll ^^all L_Loj ^jj 

4il JaujI SJ^aJI 4a,^)« 1 . c*lj<al lUj^a jjII (JLaxluil 4 K uixtll (j-a£j 

^Jxj tilll (J£j 4 Ixj^juj (jj jjll JjAajjj ioj±& 4c.^)jaiJ CLl^Ic-UjII Jj-aajj 44j31c- t- 6 ! A\ 
oj\j^. CjIa.^P .lie. j (JaJ^all ^jJI c_fl!>Lxll Lai .4-ajLui A j^j<a\ nJj^a jjll CjljLaiaJI ^jl 
ClLLaiaJI Jaxj 111 .4Lll ^jjljjll 411 a. (Jajj V j t4nl>i JcUill dlV»i*- a Qj£j c4ljjx-a 
.Li]£ 41 LIa. 0j\ji A jljjJj^ajjll 
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